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operation “CHICAGO” 


WESTWARD AGAIN for R. D. Wood people and the 
Mathews Modernized Hydrant; but this time it is 
Chicago. 

As at past A.W.W.A. conferences, we will have 
a full-scale working model of the hydrant on dis- 
play. Many of the delegates are probably familiar 
with this product; and so far as they are con- 
cerned much of our time no doubt will be given 
over to meeting old friends and discussing matters 
of common interest. We look forward to it with 
great pleasure. 

As for those of you who have never seen the 
Mathews, we hope to meet every one of you, too. 
Stop by and let us show you why it is so often said 
that cities protected by Mathews Modernized 
Hydrants are the safest. 


MATHEWS HYDRANTS 


Made by R. D. WOOD COMPANY 
Public Ledger Bidg., Independence Square, Philadelphia 5, Pa. 


Manufacturers of “Sand-Spun” Pipe (centrifugally cast in sand molds 
and R. D. Wood Gate Valves 
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COUNTY LINBS 


ONCE AGAIN, Lock Joint Pre- 
stressed Concrete Cylinder Pipe 
has been selected for a major 
water works project. 


SPECIFICATIONS issued by the 
Saginaw-Midland Water Supply 
Commission call for the manufac- 
ture and installation of 254,500 feet 
of 48 inch pipe . . . 143,230 feet of 
36 inch pipe . . . 14,900 feet of 24 
inch pipe . . . all operating at a 
pressure of 130 pounds. 


LOCK JOINT PIPE COMPANY 


Established 1905 
P. O. BOX 269, EAST ORANGE, NEW JERSEY 
Denver, Colo. * Chicago, IIl.* Kenilworth, N. J. 
Kansas City, Mo.* Rock Island, Ill. * Joplin, Mo. 
Valley Park, Mo. * Cleveland, Ohio ° Hartford, 
Conn. * Navarre, Ohio 


SCOPE OF SERVICES — Lock Joint Pipe Company 
specializes in the manufacture and installation 
of Reinforced Concrete Pressure Pipe for Water 
Supply and Distribution Mains in a wide range 
of diameters as well as Concrete Pipe of all 
types for Sanitary Sewers, Storm Drains, Cul- 
verts and Subaqueous lines. 


WHEN COMPLETED, this 78 mile 
water supply line will be capable 
of delivering 23 MGD to the city of 
Saginaw and 20 MGD to Midland. 


BY SELECTING Lock Joint Pre- 
stressed Concrete Cylinder Pipe, 
the Saginaw-Midland Water Sup- 
ply Commission assures itself of a 
pipe line of maximum elasticity, 
permanent high carrying capacity 
and an estimated life of one hun- 
dred years or more. 
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Measuring Chamber removed 
from old Trident Meter 


1949 


Modern Measuring Chamber. 
Note Sand Ring and Thrust 
Roller Bearing Plate 


When you replace an old Trident 
Measuring Chamber with a new 
one, you put into your OLD meter 
all the advantages that are built 
into the Measuring Chamber of 
NEW Trident Meters. For the re- 
placement Chamber is identical 
with the Chamber used in new 
Tridents. Thus the test of your old 
repaired meter will approach new 
meter accuracy. But interchange- 
ability means more than this. 


A Modern Measuring Chamber brings 


Mew life te Old “Tridente 


NEPTUNE METER COMPANY © 50 West 50th Street * NEW YORK 20, N.Y. 
Branch Offices in Chicago, San Francisco, Los Angeles, Portland, Ore., 


Modern ports fit this old Trident Meter pertectiy 


With a small supply of modern 
parts you can extend the service 
life of most old Chambers. Worn 
slots in old Chambers may be re- 
ae by fitting them with Thrust 

oller Bearing Plates. Disc pis- 
tons and component parts are also 
interchangeable. 

Buy Trident Meters for TRUE 
standardization, which you can get 
only through complete inter- 
changeability. 


Denver, Dallas, Kansas City, Lovisville, Atlanta, Boston, 


NEPTUNE METERS, LTD., Long Branch, Ont., Canada 
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this hot stove will fy you f" 


HEN the first gas range, with 

its promise of a cool kitchen, 
was exhibited at the Philadelphia 
Centennial Exposition in 1876, little 
did its sponsor dream of a market of 
21,000,000 homes. For that is the 
extraordinary number of residential 
customers now served by gas for 
cooking, refrigeration, or home heat- 
ing. 


Water supply and sanitation also 
made extraordinary progress in the 
half-century since 1899, the year our 
Company was established. Today, 


12,000 water works furnish 85 million 
people with a dependable supply of 
safe, palatable water. Over 6,000 
sewage treatment plants contribute 
to the health of the nation. 


In these three progressive branches 
of public service—gas, water supply 
and sanitation—are customers who 
have been buying pipe from us for 
50 years. They know that we, also, 
have made signal progress, from dec- 
ade to decade, in developing and per- 
fecting better methods for the pro- 
duction of better pipe. 


lay oul of here folks 
7 
oe “water supply, gas and senitation service aad. awe ‘U.S. Pipe & Foundry Co. 
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Engineering Facts about 
Johns-Manville TRANSITE PRESSURE PIPE 


Resistance to Corrosion 


...an index of long life 


Ability to withstand corro- 
sion is the most important 
single measure of the dura- 
bility or life expectancy of an 
underground water pipe ma- 
terial. Two factors—both 
inherent in the pipe itself — 
contribute to Transite’s ex- 
ceptional ability to resist 
corrosion. 


These are: 
1. The inh tly i 
resistant materials of which 
Transite is made. 

2. The specially developed 
manufacturing process — em- 
ployed exclusively by Johns- 
Manville— which imparts a high 

ree of chemical stability to 
the finished product. A load of Transite Pipe about to enter the steam 

In the manufacture of Trans- curing tanks. This step in the Johns-Manville 

ite Pipe, the three basic manufacturing process contributes substantially to 


the corrosion resist of the finished pipe—and 
ingredients, asbestos fibres, therefore, to its long service life. : 


cement, and silica—all basically corrosion- 
resistant by nature—are consolidated under 
tremendous pressure to form a pipe wall of 
dense, uniform, homogeneous structure. 
After forming, the pipe is subjected to a 
special steam curing process. 


It is in this steam curing stage that so 
much is contributed to the stability and 
structural integrity of the pipe. Here under 
the action of pressure steam, Transite as- 
sumes a new chemical identity. The silica 
unites chemically with the free lime ordi- 
narily associated with cement products and 
converts it into highly stable, insoluble 
calcium silicates. As a result, the cured pipe 


Transite Pipe was first used by this large west 
coast city in 1933. Its exceptional corrosion re- 
sistance—an index of long life—has already made is unusually resistant to corrosive attack 
a Transite to outlive other pipe several throughout its entire structure. 

ver. 


*Transite is a registered Johns-Manville This intrinsic resistance to corrosion has 


trade mark for its asbestos-cement pipe. been substantiated by numerous installa- 
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acid mine waters are frequently so corrosive 
that they have destroyed ordinary pipe 
materials in a matter of a few weeks or 
months. Yet Transite Pipe has handled 
these same waters under working pressure 
up to 150 lbs. for periods from 10 to 15 years 
with little, if any indication of deterioration. 


To evaluate the ability of pipe materials 
to withstand soil corrosion, the National 


Transite Pipe was installed in this Texas city ten 
years ago to replace another pipe material that had 
been destroyed by soil corrosion in 7 years. The 
Transite mains are still on the job today with a 
long useful life ahead of them. 


tions. Some of these have been exposed to 
highly aggressive soils, both alkaline and 
acid, for many years. Many are now serving 
as replacements for other types of pipe 
materials under conditions so destructive 
that their useful service life had been 


ae i . Corrosive soil conditions were so severe at this 
seriously curtailed. men t New England city that the 


life of the pipe material formerly used was only 
15 years. Transite Pipe, put in as a replacement in 
1934, continues to give the same efficient, depend- 
able service as the day it was installed. 


Bureau of Standards has conducted an ex- 
tensive series of field tests. These studies are 
based on examination of hundreds of pipe 
samples periodically removed from severely 
corrosive soils. In these and similar tests, 
Transite Pipe has consistently demonstrated 
its superior resistance to soil corrosion, con- 
firming the long life expectancy which this 
asbestos-cement pipe has evidenced in thou- 
sands of water works installations. 


Like thousands of other communities, this West 
Virginia city selected Transite Pipe because it 
promised assurance of maximum life. Today, 
after 14 years of service, the first installation of 
Transite has already fulfilled this promise by out- 
lasting the pipe material previously used. 


In one such installation, a Transite main 
installed during 1932 in an extremely corro- 
sive soil was recently made the subject of 
careful study to determine its condition. 
Sections of the pipe, including couplings, 
were dug up and shipped to the factory for 
test. There was no evidence of deterioration. 
Pipe and couplings readily withstood the  Transite’s ability to provide long-term, dependable 


original factory test, equivalent to four times service is well illustrated by its performance in 


. . coal mines, where it c istentl tlasts other 
the normal working pressure of the line. 
woters. The 36’ Transite line shown above has 


been conveying acid mine waters for 15 years. 


Certain types of industrial service pro- 
vide an even more severe ‘“‘proving ground” 
for the life expectancy of pipe materials, 
and here, too, Transite Pipe has demon- For further details about Transite Pressure 
strated exceptional corrosion resistance. Pipe, write Johns-Manville, Box 290, New 


Coal mine service is a typical example. Here York 16, N. Y. 
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COMING MEETINGS 


May 12-14—Pacific Northwest Section at Bellingham Hotel, 
3ellingham, Wash. Secretary, Fred Merryfield, 
204 Industrial Bldg., 17th & May Sts., Corvallis, 
Ore. 


A.W.W.A. 1949 ANNUAL CONFERENCE 
Stevens Hotel, Chicago May 30—June 3 


A legal holiday on May 30 will not affect existing plans. 


Reservations must be on standard forms and cleared through 
the A.W.W.A. office. 


23—New Jersey Section Outing, Wanaque, N.J. Sec- 
retary, C. B. Tygert, Box 178, Newark 1, N.J. 


tage 
at 
June 
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Three coal filters in a municipal power plant 
had been in use for three years. Although back 
washed weekly they were almost plugged with 
carbonate scale. In less than seven hours, Dowell 
Service restored the units to a high degree of 
efficiency. For most industrial filters and filter 
beds, as well as all types of heat exchange 
equipment, Dowell Service is the best answer 
for fast, economical cleaning. 


Special solvents, selected to fit the particular 
scale problem, are pumped into the equipment 
utilizing existing connections. When the trouble- 
some scale is dissolved or disintegrated, the 


TULSA 3, OKLAHOMA 


SUBSIDIARY OF THE DOW CHEMICAL COMPANY 


DOWELL INCORFORATED 


New York 20 Buffalo 2 Kansas City 8 Mt. Pleasant, Mich. 
Boston 16 Cleveland 13 Wichita 2 Hamilton, Ohio 
Philadelphia 2 Pittsburgh 19 Oklahoma City 2. Charleston 27, W. Va. 
Baltimore 18 Detroit 2 Houston 2 Salem, Illinois 
Wilmington 99 Chicago 2 New Orleans 12 — Borger, Texas 
Richmond 19 — St. Louis 8 Ft. Worth 2 Midland, Texas 
Atlanta Indianapolis Shreveport 23 Wichita Falls, Texas 
Louisville Anniston, Alabama Lafayette, La. 


Long Beach, Oakland, Casper; Dowell Associate—International Cementers, Inc. 


by Dowell Service 


Quick, effective cleaning 
of industrial filters 
and filter beds now possible 


with Dowell Service 


spent solution is removed. The unit is then 
flushed out and put back into operation. No 
dismantling or modification of equipment is 
required —costly down time is minimized. 


Dowell Service has been proved best in hun- 
dreds of cleaning operations. Skilled engineers, 
specialized equipment, and step-by-step control 
make Dowell the logical answer to your cleaning 
problem. 


Call on Dowell for your next scale removal job. 
There is a Dowell office near you. Ask for a 
free cost estimate now. 


SERVICE ORGANIZATION 
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The Standard Speci- 
fications for cement-mortar 
protective coatings issued by 
the American Water Works 
Association provide: “Inte- 
rior of the entire line. includ- 
ing both curves and tangents. 
shall be by centrifugal ma- 
chine... the machine sha!l 
apply the mortar by centrif- 
ugal action without the use 
of compressed air and follow 
its application by automatic 
trowelling toa uniform thick- 
ness and smooth finished sur- 


face.” 


The strict adherence to these 
specifications by Centriline 
insures a continuous, dense, 
smooth lining—applied with- 
out rebound—that means re- 
stored carrying capacity per- 
petually sustained and longer 
life to mains. If pipelines are 
losing efficiency it is time to 
consider Centrilining. Our 
engineers stand ready to as- 
sist you. 


> PPP WRITE TODAY 
FOR THE NEW 
CENTRILINE CATALOG 


>>> PIPE LINING 
FACTS NO. 3 


CENTRILINE CORPORATION 


142 CEDAR STREET e NEW YORK 6, N.Y. 


CEMENT MORTAR LININGS FOR WATER MAINS 
Centrifugally Applied in Strict Conformity 
with A. W.W.A. Specifications 
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Be prepared to combat successfully 
the odorous compounds that will 
be flushed down to your water 
intake by high spring waters. 
Here’s what we recommend you do: 
Run Threshold Odor Tests regu- 
larly and stock up with an adequate 
supply of Aqua Nuchar Activated 
Carbon. In this way, Aqua Nuchar 
applications can be started 
promptly and in high enough 
dosages to adsorb quickly the in- 


tense tastes and odors that develop 
so suddenly. 


To help you when these emergen- 
cies arise, stocks of Aqua Nuchar 
are spotted throughout the country 
in storage warehouses. Experts 
from our Technical Service Depart- 
ment are also available to study 
taste and odor problems at no cost 
or obligation. 


division west virginia pulp and paper company 
NEW YORK CENTRAL BLDG. PURE OIL BLDG. PUBLIC LEDGER BLDG. LEADER BLDG. 


230 PARK AVENUE 35 E. WACKER DRIVE INDEPENDENCE SQUARE 526 SUPERIOR AVE., N.W. 
NEW YORK 17, N. Y. CHICAGO 1, ILLINOIS PHILADELPHIA 6, PA. CLEVELAND 14, OHIO 
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BREAK-POINT HELPS THIS WEST COAST WATER WORKS 


Typical of what Break-Point Chlorination can accomplish is this case history. 


A 1% mgd. west coast water works using an impounded supply was troubled 
by summertime odors so acute that settling basins had to be washed almost continuously, 


while in the winter, color ran as high as 600 ppm. To overcome these troubles, several 


treatment methods were tried—unsuccessfully. Then W&T Engineers, in cooperation 


with the plant staff, carefully analyzed the situation. At their suggestion, the Break- 


Point Process was employed, using W&T Chlorinators for pre-chlorination. With this 


treatment, according to a report by staff members, color troubles, together with com- 


plaints concerning iron and manganese stains, were eliminated; filter runs increased ; 


and summertime odors cut almost to the vanishing point. 


In addition to such direct chlorination benefits, when 
you call on W&T you have the added assurance of W&T’'s 35 
years of chlorination experience—a full line of chlorinators from 


which to choose—the backing of extensive research and develop- 
ment facilities—and finally, a top-notch, alert field organization 
at your call for prompt service and technical assistance. 


For more details, ask your nearest W&T Representative 
—he’ll be glad to help you. 


WALLACE & TIERNAN 


The W&T Residual Chlorine 


COMPANY, INC. Recorder is especially valuable 

in securing the best possible 

CHLORINE AND CHEMICAL CONTROL EQUIPMENT results with the Break-Point 
S-39 NEWARK 1, NEW JERSEY * REPRESENTED IN PRINCIPAL CITIES Process. 
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San Diego’s Accident Prevention Program 


By A. George Fish 


A paper presented on Oct, 28, 1948, at the California Section Meeting, 


Riverside, Calif., by A. 
Public Works, San Diego, Calif. 


CENTRALIZED program has 

been set up in San Diego to 
crystallize thinking and action on 
safety and accident prevention. Under 
the auspices of the Accident Preven- 
tion Committee sponsored by City 
Manager F. A. Rhodes, the San Diego 
program deals with the several phases 
of exposure: industrial accidents, au- 
tomotive accidents, and public liability 
and property damage. The first cov- 
ers approximately 3,000 city employ- 
ees; the second, some 500 pieces of 
automotive equipment; and the third, 
the many miles of sidewalks, streets, 
sewers and water mains. 


San Diego Program 

This committee is composed of 25 
operating superintendents and_ their 
assistants, with Fire Chief 
Courser serving as chairman. 


George 
Regular 


meetings of an average duration of an 
hour and a half are held in January, 
April, July and October. 


Accidents 
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George Fish, Safety Investigator, Dept. of 


during the previous period are ana- 
lvzed and discussed in detail by divi- 
Letters of commendation are 
presented to supervisors operating with 
no time lost due to injuries during the 
previous period, and a report is made 
of the relative standings of the depart- 
ments, based on accident frequency 
and severity. Three safety “IE” ban- 
ners, designating first, second and third 
position, are displayed at the respective 
division headquarters. These awards 
are based on the greatest number of 
elapsed man-hours since the last lost- 
time accident. Visitors and represen- 
tatives of the state compensation in- 
surance fund and the Great American 
Indemnity Co., the city’s public liabil- 
itv carrier, have special places on the 
agenda. 

After the close of the calendar year 
City Manager Rhodes presents plaques 
of merit to each division superintendent 
for the skill, dependability and atten- 
tion to safety demonstrated in operat- 


sions. 
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ing during that period without injuries 
causing lost time. All employees of 
such divisions are presented with indi- 
vidual pocket pieces bearing the in- 
scription “City Manager's Safety 
Award” for the year. 

Direct contact with operating and 
supervisory personnel is developed and 
maintained through a series of monthly 
safety meetings by the fire and police 
departments, seven public works divi- 
sions and the two water divisions 
development and distribution. 

Visual aid, using 16-mm. sound film 
or 35-mm. slide film and records, is 
a part of each departmental meeting. 
The subjects are varied, including the 
use and abuse of tools, proper driving 
manners, the indoctrination of new 
employees and topics of general inter- 
est. The departmental meetings are 
held at a regularly scheduled day and 
hour, and take 45 minutes each, on 
the city’s time. 

At these meetings, a general review 
of the citywide experience is given, to- 
gether with an analysis of all types of 
accidents involving the particular de- 
partment; the object being to prevent 
the recurrence of similar accidents. 

Automobile accidents are analyzed 
and discussed in a special conference, 
shortly after the accident, attended by 
those involved, the dispatcher, the 
department superintendents the 
safety investigator. Disciplinary ac- 
tion, when indicated, is directed by the 
department superintendent, based on 
factual information furnished by these 
special hearings. 

Safety bulletin boards are located in 
the various operating divisions of the 
city, including the fire and police de- 


partment shops. These boards, which 


carry safety posters and information 
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developed from citywide experience, 
are changed weekly. 

Special card records are kept for 
every type of incident and accident. 
These are cross-filed with the indi- 
vidual’s record and not only reflect 
the employee's accident proneness, but 
also furnish the details in automotive 
accidents, which are classified as 
chargeable or nonchargeable. This in- 
formation is transferred to program 
boards, using red, blue, green and 
gold stars, which indicate to all at- 
tending department meetings those 
men who were involved in chargeable 
and nonchargeable automotive acci- 
dents or have time lost or nondisabling 
injuries. 

An accident prevention program re- 
quires continuous contact with indi- 
viduals, stressing the need for care, 
caution and consideration. Although 
much of the appeal is made to the ab- 
stract and intangible, the results are 
definitely measurable. This approach 
is coupled with constant observation 
and on-the-job inspection of operations 
and work areas in an effort to obtain 
a state of minimum hazard. 


Human Factor 


Most accidents result from unsat¢ 
conditions or unsafe acts, or both. To 
prevent accidents, it is necessary to 
find and remove the cause, without 
which no accident could occur. Nearly 
every industrial accident could have 
been prevented had those directly con- 
cerned—the foreman and his men— 
used good common sense, forethought 
and planning. 

According to one authority, “Ap- 
proximately 10 per cent of all indus- 
trial accidents may be attributed to 
inadequate mechanical or machine 
guards and 90 per cent to human er- 
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rors or defects.” San Diego's experi- 
ence in the years 1945-47 indicated 
that 94 per cent of the accidents oc- 
curring were due to human failure, 
6 per cent were chargeable to defec- 
tive equipment or material and none 
was due to unguarded equipment. 
Important as mechanical guards or 
properly maintained equipment are for 
the operator, the human factor is ten 
tines as significant as the mechanical. 
Quite a number of accidents attributa- 
ble to personnel failure result) from 
lack of rest, poor physical condition, 
personal problems causing lack of at- 
tention to the job, faulty observation 
or day dreaming, taking chances or 
shortcuts, or a negligent attitude. 

The value and need for mechanical 
guarding is recognized, and strict at- 
tention is given to this phase of safe 
operation. Ideas secured from various 
publications are immediately introduced 
when applicable. San Diego's bible, 
however, is the code set up by the Div. 
of Industrial Accidents of the Cali- 
fornia Dept. of Industrial Relations. 
each foreman in the water, sewer and 
street divisions, for example, has a 
copy of safety orders covering trench 
operations, shoring and special equip- 
ment needed (1). Barricades, warning 
signs, flags, lanterns and advance warn- 
ings are constantly employed. 

Machines may be safely guarded, 
physical hazards corrected and_ safe 
practices established, but accidents will 
continue to occur until the safety pro- 
gram, through department superintend- 
ents and foremen, can convince the 
men that to work safely is profitable 
to everyone concerned. Accidents 
cause the worker pain and _ suffering, 
while the time lost reduces his income. 
Industry is hurt by the loss of man- 
power, which sometimes requires the 
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training of replacement personnel, and 
by the loss of time and wasted mate- 
rial. All are affected by the increased 
cost of insurance due to lower experi- 
ence ratings and higher loss ratios. 
Kmployees must realize that “it is 
easier to stay well than to get well” 
and that safeguards are provided to 
protect the man and not the machine 
or operation. 

In the sphere of automotive acci- 
dents, Retail Credit Co. findings indi- 
cate that there is no simple method of 
picking good risks from occupation 
alone. The causes of accidents appear 
to stem mainly from the driver—his 
habits, reputation, age, driving ability, 
and physical and mental condition. 
It is concluded that the car and its 
age have little effect on the accident 
frequency. Psychophysical tests, as 
outlined in the motor vehicle super- 
visor training program, appear to be 
of great value. However, the best and 
possibly the only means available at 
present for protecting the automotive 
operator is the exercise of caution, 
courtesy and common sense. A strong 
and never-ending application of this 
remedy is indicated. 

A recapitulation of municipal service 
driving from 1943 to 1948 shows an 
increase in equipment of 55 per cent, 
while the total of miles traveled has 
increased 47 per cent, from 2,266,000 
to 3,324,000. The number of acci- 
dents, however, has been reduced from 
1 in 17,000 miles to 1 in 38,000—a 
decrease of approximately 55 per cent, 
or an increase of 123.5 per cent in 
miles traveled per accident. 


Accident Insurance 

In order to compensate city em- 
ployees for time lost because of in- 
juries “arising out of and during the 
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course of their employment,” insurance 
is carried in accordance with the state 
law. San Diego carries its compensa- 
tion risk with the State Compensation 
Insurance Fund, on a dividend basis. 
In addition, the city, by ordinance, 
pays full wages for the first seven 
days of injury leave in the public works 
division and up to one year’s salary in 
the fire and police departments. 
Insurance premiums as given in vari- 
ous manuals are established according 
to the classification of work and job 
hazards, and vary from time to time 
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sponding decrease in experience modi- 
fication rates and dividends. 

At one time municipal insurance 
costs were 139 per cent of the manual 
rate, but at present the city pays &8 
per cent of the established premium 
by reason of a 12 per cent experience 
modification rating. 


Results of Program 


A glance at Table 1, which shows 
the decrease in 1947 accidents as a 


percentage of the 1944 incidence, will 
give an idea of the effectiveness of the 


Results of Accident Prevention Program 


Public Works Dept. | 
| 
| 


Water Dept. 


Distribution Div. Development Div. 


Item 
} 1947— Compared to 1944— per cent 
Increase | Decrease | Increase Decrease | Increase Decrease 
Personnel | 67 | 107 | | 31 
Man-hours | s7 | | 87 | 43 
Lost-time injuries 46 | | 91 | 40 
Days lost | | 723 64 
Avg. accident frequency | 66 95 51 
Avg. accident severity | | §g9 | 71 


with the results of underwriting ex- 
perience, both local and state. In 
addition, an experience modification 
rate is applied, based on losses sus- 
tained and expense incurred. This 
rate, together with credit for proper 
machine guarding, provides a material 
reduction in premiums if the experi- 
ence is good or above average. 

The combination of medical and com- 
pensation expense as compared with 
premiums paid determines the 
ratio. As the accident costs increase, 
= 


loss 


so does the loss ratio, with 


San Diego program. The Water Dis- 
tribution Div. accomplished the out- 
standing feat of working 170 men over 
481,000 man-hours with only one lost- 
time injury during an eighteen-month 
period, and two of the seven public 
works divisions have received awards 
for completing a calendar year with 
no time lost due to injuries. It should 
also be noted that in 1947 the Water 
Distribution Div. had an accident fre- 
quency of 2.81 disabling injuries per 
million man-hours of exposure and an 
accident severity of 0.13 days lost per 
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1,000 man-hours of exposure, while 
the Water Development Div. figures 
for accident frequency and_ severity 
were 21.85 and 0.53, respectively. 

In 1945, San Diego paid a compen- 
sation premium of $101,335.73, cover- 
ing an average employee count of 2,024 
persons working 4,832,175 man-hours. 
There were 330 claims, totaling $33,- 
161, which resulted in a loss ratio of 
32.7 per cent. The insurance dividend 
was 55 per cent, or $55,734.65. Al- 
though in 1946 the cash return was 
not so great, the rate classifications 
were reduced from 43 to 9 in number, 
with an appreciable reduction in the 
premium charge. The manpower aver- 
age increased to 2,406, working cover 
5,500,000 man-hours. The hazards of 
fire and police department activities, 
together with special coverage for these 
departments under Section 3212 of the 
Industrial Accident Commission code, 
resulted in increased losses due to 
permanent-disability and heart attack 
awards. Nevertheless, the city was 
able to earn a dividend of 30.5 per 
cent on a premium of $116,213.61 ac- 
tually paid. This dividend, together 
with the experience modification rating, 
reflected a saving of $54,363.64, or 
approximately 40 per cent of the stand- 
ard manual rates. 


Conclusion 

Education, coupled with other safety 
work—especially the determination and 
publicizing of previous accident causes 
—will eventually help solve the tre- 
mendous problem of accident preven- 
tion. The primary requirement in ac- 
cident prevention is the right spirit 
and attitude on the part of all con- 
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cerned. It is necessary to believe in 
the work and be certain that improve- 
ment is possible. Conviction and en- 
thusiasm are mandatory on every level 
of employment. All authorities point 
up the need for top management to be 
safety-minded. It must be enthusias- 
tic not only to endorse, but also to 
enforce, those procedures which it feels 
will best accomplish the desired re- 
sults. Furthermore, top-level super- 
visors must set an example for their 
subordinates to follow, particularly in 
automotive safety. 

It has been said that some programs 
bog down because of the feeling that 
a safety and accident prevention pro- 
gram is a fine idea only if it doesn’t 
cost anything. In the author’s opinion 
the San Diego program is justified by 
its results : 


1. It has met with some degree of 
financial success. 

2. Pain and suffering due to in- 
juries have been reduced. 

3. Trained personnel have been kept 
on the job with pride in good work 
done safely. 

4. Lost time and damage to material 
and equipment have been considerably 
reduced. 

5. The feeling of safety-mindedness 
has been substantially increased and 
supervision standards have been raised. 


Reference 


1. Trench Construction Safety Orders. Cali- 
fornia Div. of Industrial Safety (1945) ; 
these and other safety rules and orders 
are for sale by the Div. of Industrial 
Safety, Dept. of Industrial Relations, 
965 Mission St., San Francisco 5, Calif. 
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Cross Connection Control at Houston 
By Clyde R. Harvill, Charles Micha and W. J. Bale 


Al paper presented on Oct. 12, 1948, at the Southwest Section Meeting, 
Galveston, Tex., by Clyde Rk. Harvill, San. E-ngr.; Charles Micha, Sr. 


E:ngr.; and IW. J. Bale, Sr. E:ngr.; all of Water Div., Utilities Dept., 


Houston, Tex. 


RATHER hasty review of the 

literature reveals that the whole 
subject of cross connections is still in 
a somewhat confused state. The ter- 
munology has undergone a complete 
revision in the past ten years, and 
perhaps it would be in order at the 
outset to define some of the terms. 
The Houston Water Div. follows, as 
far as possible, the techniques and 
practices advocated by the U.S. Public 
Health Service, as interpreted by the 
Texas health department. The 1946 
edition of the U.S.P.H.S. “Manual of 
Recommended Water Sanitation Prac- 
tice” (1) gives the following defini- 
tions: 


1. Cross Connection—Any physical con- 
nection or arrangement of pipes between 
two otherwise separate water supply sys- 
tems, one of which contains potable water 
and the other water of unknown or ques- 
tionable safety, whereby water may flow 
from one system to the other, the direc- 
tion of flow depending upon the pressure 
differential between the two systems. In 
general, no physical cross connection 
should be permitted between a public or 
private water distribution system con- 
taining potable water and any other sys- 
tem containing water of questionable 
quality or any other contaminating or 
polluting substance. 

2. Open Connection—A_ piping ar- 
rangement which provides an air gap 
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between two water supply systems and 
which may become a cross connection or 
interconnection by the insertion of a 
length of pipe into the air gap. Open 
connections, physically separated, may be 
permissible under regulation and super- 
vision by the local or state health depart- 
ment. 

3. Backflow Connection—Any arrange- 
ment whereby the flow of water or other 
liquids into the distribution system of a 
potable supply of water can occur from 
any source or sources other than its in- 
tended source. House or industrial toilet 
or sink fixtures capable of back siphonage 
into the water system should be classed 
as backflow connections and therefore be 
prohibited. 

4. Interconnection—A physical connec- 
tion between two potable water supply 
systems. Interconnections may per- 
missible when approved by the state de- 
partment of health. 

It should also be borne in mind that, 
according to the U.S.P.H.S. Drinking 
Water Standards (2), a water supply 
system “includes the works and aux- 
iliaries for collection, treatment and 
distribution of the water from the 
source of supply to the free-flowing 
outlet of the ultimate consumer.” 
Houston Control Work 

A previously published paper (3) 
noted that cross connection work was 
started in Houston in 1929, Approxi- 
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mately 50 surveys were made and used 
as a basis for drawing up an ordinance 
regulating connections to the public 
water system. In March 1930 the 
city council passed a cross connection 
ordinance; and by October 1, 1935, 
211 cross connection surveys and 132 
resurveys had been made and 134 
cross connections eliminated in Hous- 
ton. 

The Houston water department has 
therefore had over nineteen years’ ex- 
perience in cross connection control 
work. By October 1, 1948, 1,085 sur- 
veys and 790 resurveys of properties 
had been made. Out of 351. cross 
connections found, 347 were elimi- 
nated, and the other four were in the 
process of being eliminated. A  per- 
manent file is maintained, which is 
cross-indexed by name of firm, street 
address of firm and survey file number. 
From the 442 cross connection surveys 
in this file a pretty good history of 
the water supply and water usage of 
most of the large buildings and prop- 
erties in) Houston may be obtained. 
Many other properties have been sur- 
veyed, but no detailed reports were 
prepared, as no violation of the city 
cross connection ordinance was dis- 
covered or was considered likely to 
exist in the future. 

No recent published data were found 
on the status of cross connection work 
in other cities in the Southwest Sec- 
tion. Dashiell and Whedbee (4) have 
stated that prior to 1926 cross con- 
nections of private and public water 
systems were permitted in all cities 


of Texas. By 1930, however, Hous- 


ton, Dallas, Fort Worth and San An- 
tonio had undertaken the elimination 
of all cross connections in the water 
system, 
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Survey Program 


The Houston program may be di- 
vided into five types of cross connec- 
tion work, which will be described 
briefly : 

1. Surveys of building plans before 
construction is begun. Under a re- 
cently adopted procedure, the city 
building inspector notifies the sanitary 
engineer when the plans for a new 
building are received in his office, thus 
giving the engineer an opportunity of 
checking the plans before a building 
permit is issued. By this arrangement 
it is possible to withhold the permit if 
the plans do not show, or are not re- 
vised to show, piping arrangements in 
accordance with existing city ordi- 
nances and good sanitary practice. 
This procedure has proved highly suc- 
cessful both from the water division’s 
point of view and that of the builder, 
and is perhaps the most efficient means 
of eliminating undésirable sanitary con- 
ditions before they become dangerous. 
For example, a company submitted a 
set of plans which included a proposal 
to install an aqua-gasoline system, 
using city water and city pressure as 
the dispensing force. The gasoline 
storage tank was to be directly con- 
nected with the citv water system, and 
the water, through a system of valves, 
would replace the gasoline. This cross 
connection was eliminated by advising 
the company to alter the plans so that 
city water would discharge over the 
top of a surge tank located in the roof 
trusses and thus operate the aqua- 
gasoline system by gravity, making 
back siphonage impossible. 

2. Preliminary surveys of new build- 
ings under construction. The cross 
connection engineer approaches the 
architect or plumber of a building in 
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its early construction stages and checks 
the building plans. This procedure 
makes it possible to correct undesira- 
ble plumbing connections before their 
installation. From the time of the 
initial examination of the plans to the 
completion of the building, a careful 
check is kept on the building during 
construction to see that the installa- 
tions are made according to the ap- 
proved plans and recommendations. 

A recent survey of this tvpe was 
made on a large building under con- 
struction. The plans called for city 
water to be supplied through a 4-in. 
float inlet into a surge tank in the base- 
ment. There was to have been a 1-in. 
overflow line from the surge tank, 
with the 4-in. line extending almost to 
the bottom of the tank. It was recom- 
mended instead that an overflow line 
of at least 4 in. be installed and the 
inlet line be raised so that it would be 
6 in. above the highest level of the 
overflow line. 

3. Resurveys of properties previously 
surveyed. Resurveying is a_ never 
ending job which, ideally, should be 
completed at least every two vears. 
Many of the old properties have under- 
gone a complete revision in the piping 
lavout of their plants because of an 
expanded building program that has 
increased water usage. Often the pri- 
vate wells have been taken out of serv- 
ice and the plant is using city water 
entirely. In some properties where 
private wells did not exist, they have 
now been drilled to take care of equip- 
ment using a large quantity of water. 
It is important that these properties 
be resurveved at regular intervals and 
that all drawings and other informa- 
tion pertinent to cross connection work 
be brought up to date. It should be 


noted here that once a cross connection 
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has existed there is a tendency for it 
to occur again as a result of personnel 
changes within a plant. 

A resurvey was conducted on a 
plant that, before the war, was using 
its own wells to supply water for in- 
dustrial purposes and city water for 
fire protection and office use. This 
plant underwent a large construction 
program in which new buildings were 
added and new equipment was put 
into service. As the water demand 
soon exceeded the output of the wells, 
a connection made between the 
fire protection line and the well dis- 
charge line, and city water was used 
to supplement the well supply. The 
two systems were directly connected 
to each other without the knowledge 
of the sanitary engineer's office. .\fter 
the resurvey, the plant was notified to 
break the cross connection. 

4. Surveys of properties outside the 
city limits. For the most part. surveys 
beyond city limits are checks on resi- 
dences and small businesses applying 
for city water. Many of these estab- 
lishments have their own wells, gen- 
erally shallow, with the ever present 
danger of contamination. It is neces- 
sary to ascertain that there is a com- 
plete severance of water service from 
the well before city water is connected 
to the system. During 1948, 111 such 
surveys were made. These surveys 
require a great amount of time, but 
water service to the outskirts of the 
city is often critical because of the 
unsupported distribution mains and 
small service lines that extend into the 
outlying districts. Water pressure in 
these areas frequently is dependent on 
water consumption and there are times 
when low pressure exists near the end 
of a line, a condition which is ideal for 
back siphonage. The only way of 
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being sure that no contamination of 
the public supply by a private supply 
can occur is to check the service and 
make certain there is a complete physi- 
cal break between the city supply and 
the private supply. 

The sanitary engineer approves all 
contracts for water service outside the 
city limits before the meter is set. The 
same is true of contracts for water 
service within the city limits when the 
applications show the existence of a 
private well on the property to be 
served. 

5. Surveys of old buildings not pre- 
viously surveyed. Since no method 
has thus far been developed to forecast 
which old buildings do and which do 
not contain cross connections, the de- 
termination of the site for the survey 
is not based on any fixed procedure. 
A large building is surveyed when in- 
formation on alterations is obtained 
from newspapers, salesmen, well drill- 
ers and other sources. If the sanitary 
engineer's office is notified that a me- 
ter is running backward, such a con- 
dition is immediately investigated ; 
marked changes in water consumption 
by an organization are a fertile field 
for investigation; and consumer com- 
plaints sometimes reveal unusual sit- 
uations. 

An example of what an old building 
can contain may be illustrated by the 
findings of a survey on one of Hous- 
ton’s schools. The routine investiga- 
tion of a complaint of bad-tasting 
water at this school indicated the need 
for a more detailed study. Accord- 
ingly, a cross connection survey of the 
building was made, which revealed 
that the school, with an enrollment of 
approximately 1,400 students, had san- 
itary fixtures consisting of: eighteen 
tank type toilets; eight flushometer 


type toilets, without vacuum breakers ; 
five drinking fountains, with inlets be- 
low the basin rim; twelve lavatories ; 
and ten urinals. 

During recess, when one or more 
flushometer toilets were flushed, there 
was no water at the drinking foun- 
tains. Only one flushometer toilet 
could be flushed at a time and, inas- 
much as these toilets were not equipped 
with vacuum breakers, the chance of 
back siphonage into the drinking water 
lines was very good. A further in- 
vestigation showed that when this 
school was originally built in 1916 it 
contained four rooms. At the time of 
the survey the building had undergone 
several additions and was a 34-room 
structure. It was furnished water 
through a l-in. meter connected to a 
2-in. service line several blocks long 
which also supplied eighteen meters 
ahead of the school meter. Obviously 
the remedy for this dangerous situation 
required some action by the water de- 
partment as well as the school authori- 
ties. Adequate service was supplied 
by constructing an 8-in. water main to 
this area, and the school officials for 
their part had a larger meter installed, 
equipped flushometer fixtures with vac- 
uum breakers and raised the level of 
the drinking fountain inlets. 


Conclusions 


From this summary of how the 
Houston program of cross connection 
control is organized, a few general 
observations may be made. It has 
been found that the interest of the 
public is best served when all city de- 
partments concerned with sanitation 
integrate their work. Cooperation be- 
tween the health and public works 
departments, and among the various 
sections of the water department, is 
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necessary if cross connection work is 
to keep up with the vast growth in 
construction. In Houston, the sani- 
tary engineer is responsible for ascer- 
taining that the cross connection ordi- 
nance is complied with. One engineer 
is assigned full time to cross connec- 
tion control. He schedules his work 
on information received from the con- 
tract, maintenance and engineering sec- 
tions of the water department and many 
other sources. He investigates prop- 
erties at the request of or on infor- 
mation obtained from any city de- 
partment, and, in turn, notifies the 
department concerned of conditions 
revealed by a survey. 

A further essential is the develop- 
ment of a feeling of fellowship between 
the cross connection engineer and the 
consumer. Good cooperation from the 
consumer is usually obtained by em- 
ploying a little tact, ¢xplaining the 
reasons for the survey and at times 
showing that a saving can be made by 
eliminating a potentially dangerous 
connection. 

In the authors’ opinion, any ade- 
quate cross connection control program 
demands a competent engineering 
staff. The scope of the work is con- 
tinually increasing and at present re- 
quires considerable knowledge of most 
of the industrial usages of water. It 
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is necessary to study the water require- 
ments of a plant for both operation 
and fire protection before final recom- 
mendations on alterations to the plant 
piping are made. For example, any 
changes in piping arrangements on a 
particular property must not result in 
increased fire insurance rates. On 
several occasions the recommendations 
for eliminating a cross connection also 
resulted in giving the plant a more 
efficient water supply system. It can- 
not be overemphasized that a coopera- 
tive consumer—one who feels that the 
sanitary engineer understands his prob- 
lems, as well as those of protecting 
the water supply—makes possible a 
smooth-running cross connection con- 
trol program. 


References 


1. Manual of Recommended Water Sanita- 


tion Practice. Bul. 296, U.S. Pub. 
Health Service, Washington, D.C. 
(1946). 

2. U.S. Public Health Service Drinking 
Water Standards—1946. Jour. A.W. 
W.A., 38:361 (March 1946). 

3. Harvitt, Crype R. Cross Connections 


at Houston, Texas. Jour. A.W.W.A., 
29:75 (Jan. 1937). 

4. Dasutetr, W. N. & Wuenpper, Epcar. 
Control of Cross Connections in Texas 
Cities. Am. Jour. Pub. Health, 31: 
426 (1931). 


ie 
EE? 
| 
7 
» 
ae 
4 
Pd 
. 
j 


NLY a few years ago Texas was 
a rural state, but today the ma- 
jority of Texans live in incorporated 
cities and towns. Radical shifts in 
population and extensive industrial de- 
velopment, brought on by the war and 
continued during the postwar years, 
have created critical demands for new 
water facilities and major extensions in 
cities and towns where such rapid 
growth was never anticipated. Water 
systems, even in cities that have not 
grown, have had greater demands 
placed upon them because of air con- 
ditioning, drought conditions and a 
general increase in the use of water by 
all consumers. Additional complica- 
tions now arise from the demands of 
many recently completed homes. 

The officials of the 704 incorporated 
cities and towns in Texas are faced 
with serious financial problems in sup- 
plying water for domestic and indus- 
trial purposes. All of the 200 cities 
of over 2,500 population own their 
water systems, except for San Angelo, 
Orange, Robstown, Eagle Pass, Nava- 
sota, Texas City, Cameron, Dalhart, 
Memphis and Quanah. The methods 
being employed to finance improve- 
ments and extensions include the use 
of operating profits from the system 
and the issuing of tax or revenue 
bonds. Not all municipalities resort 
to one of these methods exclusively ; 
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some rather use a combination of them. 
Many of the smaller cities are financ- 
ing improvements by both tax and 
revenue bonds. 


Tax Bonds 


The term “tax bonds” refers to 
bonded indebtedness which is backed 
by the full faith and credit of the 
issuing government, including its power 
to tax. There is no law directly speci- 
fying the maximum amount that any 
city may issue, but the financial con- 
dition of the city is indirectly con- 
trolling. All bonds require the ap- 
proval of the attorney general of Texas, 
who will not approve an issue unless 
the city is able to show that it can 
fully redeem the bonds by setting up 
a 2 per cent interest and sinking fund 
within the tax rate limits of the con- 
stitution and statutes. 

At present many Texas cities have 
already issued close to the maximum 
amount permissible in tax bonds. 
Cities with less than 5,000 population 
are limited to a tax rate of $1.50 on 
each $100 of assessed valuation; for 
larger municipalities, this limit is $2.50 
per $100. Home-rule cities with over 
5,000 population often have further 
limitations in their charters. In addi- 
tion, it should be pointed out that 
Texas cities and towns must still de- 
pend upon ad valorem taxes on real 
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estate as the principal source of income 
for general purposes. Usually this 
source simply does not provide enough 
money, nor can it be adequately in- 
creased within practical limits. Al- 
though citizens living within the cor- 
porate boundaries of cities and towns 
are the greatest taxpayers, the munici- 
palities are tax-poor. County, state 
and federal taxes absorb the bulk of the 
total collections, none of which is re- 
funded to the cities to provide public 
services for urban activities that, in 
turn, produce the taxable wealth. 

During this period of inflated values 
many cities have found it necessary to 
revalue both real and personal prop- 
erty for tax purposes. In this way, 
some cities have increased their valua- 
tions so that they could float a new 
general-obligation bond issue without 
increasing the tax rate. Where this 
has been done, the tax officials have 
usually taken ‘a valuation comparable 
to the sale price of real estate during 
1941 and 1942. 

City officials are faced with a serious 
problem when they call an election for 
the approval of tax bonds. Materials, 
labor and construction costs are now 
very high. But when the bonds are 
to be retired low tax values may be in 
effect and a city may have difficulty 
in retiring the bonds. Therefore, be- 
fore issuing bonds all factors should 
be considered to see if the city can pay 
the cost of the improvement on a re- 
duced revenue in future vears.  Al- 
though interest rates on bonds are very 
low at present, it has been predicted 
that they will increase during the com- 
ing vears. Both large and small cities 
have recently been able to sell their 
bonds at very low rates. Taylor, Tex., 
sold $65,000 worth of tax bonds at an 
interest rate of 35 per cent; Morton, 
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$100,000 at 34 to + per cent; Vernon, 
$400,000 at 3 per cent; Austin, $1,- 
183,000 at a 2.35 per cent true interest 
rate; and Dallas, $3,580,000 at a 2.05 
per cent true interest rate. 

Article 823 of the Revised Civil 
Statutes provides the authority for 
cities to issue tax bonds for water 
works systems. In addition, there are 
other specific provisions of state law 
which must be followed in the issuance 
of tax bonds. Because of the com- 
plexity of these statutes and the fact 
that city attornevs will assist water 
works personnel in the actual issuance 
of the bonds, it does not seem worth 
while to go into the details of this type 
of obligation. 

A good financial condition is neces- 
sary not merely to obtain the approval 
of the attorney general on a bond issue, 
but also to sell the bonds to investors. 
It is suggested that any municipality 
considering the issuance of tax bonds 
retain the services of a good consulting 
engineer to make proper plans and 
estimates on the needed improvements. 
In addition, the assistance or advice of 
a good bond man should be sought. 
Unless these steps are taken, the city 
may be unable either to sell the bonds 
or to get a contractor who will bid 
within the limit authorized for the 
project. 

Revenue Bonds 

All cities and towns in Texas may 
issue revenue bonds to finance their 
water systems. These obligations are 
not considered a debt of the city and 
consequently are not subject to the 
same constitutional and statutory re- 
strictions as tax bonds. They must be 
payable solely out of the revenues from 
the system, because the law requires 
each bond to contain the clause: “The 


holder hereof shall never have the right 
to demand payment of this obligation 
out of the funds raised or to be raised 
by taxation.” 

A water system cannot be encum- 
bered for more than $5,000 except for 
purchase money, or for refunding ex- 
isting indebtedness, unless the proposed 
revenue bond issue is approved by a 
majority of the qualified voters at an 
election identical to that required for 
tax obligations. A city may buy or 
build its system without a special elec- 
tion, but the Bond and Warrant Law 
of 193i (Art. 2368a, Vernon’s Texas 
Statutes) requires that notice of inten- 
tion to purchase or build be published 
before the governing body actually 
issues the instruments of indebtedness. 
If 10 per cent of the qualified voters 
who are taxpayers in the city should 
petition for an electior. prior to the 
time fixed for authorizing such bonds 
by the council, the council must order 
a referendum on the questions of buy- 
ing or building the system. Many 
cities prefer to submit the questions to 
an election in the same manner as pro- 
vided by law for tax bonds. In that 
way, the council feels that it has more 
definitely ascertained the will of the 
voters in the matter. 

When issuing revenue bonds, the 
governing body of the city should he 
careful in determining the amount, for 
after bonds have once been issued 
against the revenue of a utility, a city 
does not have the power to issue any 
additional revenue bonds on that utility 
until all of the original issue has been 
redeemed or refunded. This provision 
has caused much trouble for cities 
with revenue bonds outstanding. For 
instance, a city may have originally 
issued $400,000 in bonds against the 
revenue of its water system and may 
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have paid $385,000 of the issue, leaving 
a balance of $15,000 unredeemed. The 
governing body of the city may desire 
to make improvements and extensions, 
and there may be sufficient revenue 
from the water system to finance $300,- 
000 in additional revenue bonds. How- 
ever, the city cannot carry out its 
intentions because a previous revenue 
issue is still outstanding. 

It may be wondered why this law 
should have been made, or why it has 
not been changed. The fact is that 
attempts have been made to get the 
law amended but as yet no one has 
been able to prepare a constitutional 
bill for this purpose. The revenue 
bonds now outstanding were issued 
and sold under the present law, and the 
legislature does not have the power 
to break a contract which has pre- 
viously been entered into. A bill will 
be proposed in the next session, how- 
ever, which would authorize cities to 
issue revenue bonds on a utility and 
later to issue second-mortgage revenue 
bonds before the first issue is retired. 

The city of Post has followed a good 
procedure in financing the purchase of 
a privately owned water and sewer 
system. The voters have authorized 
the municipality to issue a total of 
$600,000 in revenue bonds. Recently 
the city sold $450,000 of the bonds to 
purchase the two systems, but their 
cost was only $315,000. This leaves a 
balance of $135,000 for improvements 
and extensions, and, in addition, the 
city may still issue $150,000 in revenue 
bonds as needed. These bonds will 
bear interest at the rate of 3 and 45 
per cent and are callable after 1958. 

Although interest rates are some- 
what higher when bonds have this op- 
tional feature, the author believes that 
this provision is worth the price. 
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Some of the recent issues have been 


authorized under an agreement by 
which the city will redeem the bonds 
after a certain date at a certain price, 
plus of course accrued interest and a 
premium. 


Time Warrants 


In addition to tax and revenue bonds, 
Texas municipalities have the author- 
ity to issue time warrants redeemable 
from taxes without a vote of the 
qualified electorate of the city. By 
following the Article 
2368a, Vernon's Texas Statutes, cities 
with less than 5,000 population may 


provisions of 
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issue warrants up to $7,500 in any one 
year; cities with 5,000 to 25,000 may 
issue $10,000 in warrants; those with 
25,000 to 50,000, $25,000 : and over 
50,000, $100,000. 

The importance of good manage- 
ment in the operation of a water sys- 
tem should be stressed. A few munic- 
ipally owned water systems in Texas 
are not taking full advantage of the 
possibilities of tapping charges, higher 
rates for users outside the city limits, 
fire protection standby charges and 
payments by developers who are build- 
ing new subdivisions. Every city 


should establish definite policies on 
such services. 


type in the world. 


meeting you'll not want to miss. 


This Month's Couer 


So large that we had to back away pretty far to give you an all-inclusive 
view is Chicago’s South District Filtration Plant, the largest plant of its 
Impressive even at that distance, you'll find it. still 


more wonderful at close range on one of the inspection tours hosted by 
Chicago’s Engineer of Water Purification, John R. 
W.A. Conference week, May 30 to June 3. 
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Cathodic Protection Design Considerations 


By Raymond H. McLeod 


A paper presented on Oct. 25, 1948, at the Missouri Section Meeting, 
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He application of cathodic protec- 
tion is becoming more and more 
important as a means of fighting cor- 
rosion on pipelines, elevated steel water 
tanks, refinery equipment and other 
metallic structures in contact with wa- 
ter or soil. As the corrosion of sub- 
merged metal is caused by small cur- 
rents flowing from anodic to cathodic 
areas, cathodic protection stifles the 
flow of current in these local “corrosion 
cells” by furnishing an auxiliary cur- 
rent from anodes suspended in water 
to the tank and riser plates. 

Auxiliary current is furnished by 
rectifiers or galvanic anodes. Recti- 
fiers are used when power is available. 
They have the advantage of being eas- 
ily regulated, with no moving parts, 
and require very little maintenance. 
Copper oxide and selenium stacks are 
the types generally used and have 
proved satisfactory in the field for 
over twelve years. Galvanic anodes of 
magnesium or zinc are used exten- 
sively, especially for pipeline protection. 
Other problems can be met with this 
type of anode, provided current den- 
sity requirements are not too high. 
Galvanic magnesium anodes are quite 
frequently employed in domestic hot- 
water heaters, and most manufacturers 
now include this protection. 

After the selection of the power 
source, the next problem is that of 
choosing anode material. It has been 
found that anode material should have 
the following properties: [1] strength, 
|2] a high electrochemical equivalent, 
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{3] an even pattern of corrosion on its 
surface and |4] suitable shape. Some 
metals chosen for anode use are alumi- 
num, steel, carbon and platinum. Gal- 
vanic anodes are usually of magnesium 
or zinc. In protecting elevated steel 
tanks, aluminum anodes have proved 
satisfactory with rectifiers as the power 
source. The aluminum is light in 
weight, has a high electrochemical 
equivalent and a uniform corroding 
characteristic, and competes favorably 
with other metals economically. Steel 
discolors the water around the elec- 
trode and disintegrates at the rate of 
approximately 20 lb. per ampere-year, 
as against 6.4 with aiuminum. Carbon 
is fairly brittle, and platinum, although 
theoretically nonsacrificial, is expensive 
because of the lengths and number of 
platinum anodes necessary to obtain 
proper current distribution. For gal- 
vanic anodes, magnesium has the ad- 
vantage of a higher driving potential 
and a higher electrochemical equiva- 
lent than zine. 

Coatings have been employed for 
many years as a protective measure 
against corrosion. They can be effec- 
tively used with cathodic protection 
since the exposed areas are reduced to 
holidays or breaks in the coating which 
may only represent a small percentage 
of the total surface. Coatings of high 
electrical resistance are best because 
they force protective currents to seek 
out these breaks or holidays. In the 
interest of lower costs of installation 
and operation, it is advisable to paint 
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the water contact areas of new tanks 
and riser pipes before applying ca- 
thodic protection. In old tanks, the 
old paint and corrosion products are 
useful in reducing current density de- 
mand, and repainting is rarely advised 
before installing cathodic protection. 

In designing a cathodic protection 
system, the engineer must consider the 
factors affecting rectifier capacity and 
anode design: [1] the area of bare 
metal exposed to corrosion, {2| water 
quality, [3] operating conditions, [4| 
the configuration of the structure to 
be protected and [5] obstructions such 
as structural members present. 

To elaborate briefly, water or soil 
analysis is important, as it reflects on 
the current density required for pro- 
tection and anode configuration. In 
waters of high oxygen content, or con- 
taining other depolarizing compounds, 
the current density required for protec- 
tion is greatly increased. The demand 
varies, some tanks needing only 0.5 ma. 
per square foot for protection, while 
others may need as much as 20 per 
square foot. It is necessary to know 
the resistance of the water, as this 
determines the number of electrodes 
and their spacing. A water of high 
electrical resistance may elec- 
trodes spaced within 6 in. of the tank 
wall and 12 in. apart on the electrode 
circle, while in waters of low resistance 
one central electrode may suffice. 

In designing for configuration, elec- 
trodes must be spaced so that all sub- 
merged sections of the tank are ade- 
quately protected. A riser electrode 
must be installed to take care of this 
section, because very little of the cur- 
rent supplied by bow! electrodes is 
realized in the riser sections of the 
tank. Also, if the tank is very large, 
it may be necessary to suspend addi- 
tional anodes to provide protection to 
the bowl floor, as the wall anodes will 
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Obstructions, such as heater or over- 
flow pipes or structural members, need 
protection too and may require spe- 
cially spaced electrodes. 

The cost of a cathodic protection 
installation on a tank is comparable to 
the cost of one complete scraping and 
painting of the tank interior. Of 
course, once the unit is set up and 
maintained in operating condition, this 
phase of tank maintenance is elimi- 
nated. Thus, over a period of several 
painting cycles, the tank owner will 
save considerable sums in the cost of 
painting, as well as on depreciation of 
the tank, since no metal loss on sub- 
merged sections will occur. This ad- 
vantage is not present if the tank is 
merely painted regularly, because metal 
loss still continues through breaks or 
holidays in the paint film. The tank 
owner also eliminates the cost and in- 
convenience of interruptions in tank 
service while painting, since cathodic 
protection can be installed and serviced 
without draining the tank. 

Although the cathodic protection sys- 
tem requires a minimum of attention, 
it should be regularly checked so that 
continuous operation is obtained within 
the specified current range. As_ the 
anode material disintegrates, the re- 
sistance of the circuit is increased, re- 
quiring a simple adjustment of the 
transformer taps on the unit. Anode 
material is easily replaced after its de- 
pletion. For those tank owners who 
wish to have this work done for them, 
complete maintenance service and in- 
spection by trained crews are available. 

The proven ability of cathodic pro- 
tection in reducing costly maintenance 
on tanks warrants a thorough investi- 
gation of the subject by all tank own- 
ers. Cathodic protection properly ap- 
plied can add many years of trouble- 
free service to tanks. 
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Requirements of Cathodic Protection Systems 
By Frank E. Dolson 


A paper presented on Oct. 25, 1948, at the Missouri Section Meeting, 


Jefferson City, Mo., by Frank E. Dolson, Distr. Engr., St. Louis 


ATHODIC protection of steel wa- 

ter towers is a relatively recent 
adaptation of an old principle. Many 
years ago—in 1824 to be exact—Sir 
Humphrey Davy discovered and ap- 
plied this principle for protecting un- 
derwater metal parts of ships against 
salt water corrosion. He utilized a 
zinc-copper couple for replacing the 
corrosion of copper by the corrosion 
of zinc. Some twenty vears ago the 
need for protecting long transmission 
pipelines from soil corrosion became 
apparent, and the oil and gas indus- 
tries, recognizing the economies of 
cathodic protection, made extensive use 
of it in a successful effort to prevent 
service interruptions. 

The water works industry also ac- 
cepted cathodic protection as an effec- 
tive and economical method for pre- 
venting corrosion in water tanks. 
Perhaps because this process seemed 
an easy answer to a very difficult main- 
tenance problem, many hastened to 
make use of it without first exercising 
prudent engineering precautions. As 
a result, many cathodic protection sys- 
tems were purchased which provided 
either partial protection or none at all. 
Some of the initial systems were under- 
designed with inadequate rectifier ca- 
pacity, while others were sold with one 
of the necessary parts missing. 
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Obviously there is no economy in 
purchasing a system that does only a 
portion of the job. No doubt many 
water superintendents and operators 
have asked themselves questions such 
as: Do I need cathodic protection ? 
Is it economical? How can I tell 
whether it is doing the job? The fol- 
lowing discussion will be of some 
value in answering these questions. 


Corrosion of Steel 


The surface of steel in contact with 
soil or water tends to become either 
anodic or cathodic. For example, a 
new section of steel pipe connected to 
an old section of badly corroded pipe 
may immediately become anodic to the 
old section. A rusty piece of steel and 
a bright piece of steel placed in water 
and connected together with an ex- 
ternal wire will form a corrosion cou- 
ple. The bright piece of steel will be 
anodic to the rusty piece. So it is in 
a water tank. In a new, unpainted 
tank, the mill scale coating on the steel 
will be cathodic to bright sections of 
metal through exposed holidays in the 
mill scale; there will be a vast cathodic 
area and many small anodic areas. In 
a corrosive water this would be con- 
ducive to rapid, localized corrosion. 
Abrasions of the metal surface caused, 
for example, by movement of ice would 
result in these areas being anodic to 
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all the tubercles that may have formed 
on the inner surface of the tank. The 
current in instances such as outlined 
above would flow from the bright metal 
through the water to the rusty metal 
and then complete its circuit through 
the sides of the tank. 

The principle of the common dry 
cell is an excellent analogy for describ- 
ing the corrosion process. Everyone 
is familiar with the uses of this very 
necessary piece of equipment and its 
principle is well known. <A dry cell 
consists of three essential parts: a 
carbon cathode, a zine anode and the 
intervening electrolyte. The carbon 
cathode is marked “plus” and the zine 
anode is marked “minus,” which con- 
forms to the accepted practice in deter- 
mining the direction of current flow. 
When a resistance load is connected 
across these two terminals, current 
flows from the positive terminal through 
the load to the negative terminal, which 
is the outer zinc shell of the battery. 
From the zine terminal, current flows 
through the electrolyte to the carbon 
cathode, completing the circuit. The 
zine in this cell is an anode and pro- 
gressively deteriorates as the battery is 
used. The current flow in the external 
circuit is from the carbon to the zine. 
In the internal circuit the flow of cur- 
rent is from the zine to the carbon, or 
from the anode to the cathode. 

Corrosion of a steel water tank can 
be compared to a dry cell. In the 
tank a great many of these little bat- 
teries are formed, each one generating 
a small voltage. Each one is causing 
minute quantities of current flow and 
each, with an adequate oxygen supply, 
is causing corrosion. 

Cathodic protection, in effect, sim- 
ply superimposes another current upon 
these little battery cells. It has been 
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found that when current entering the 
corroding area is sufficiently strong to 
counterbalance the current of these 
many battery cells, corrosion will cease. 
Current from the cathodic protection 
system must be equal to or greater 
than the current leaving the many 
corroding or anodic areas. 


Current Density Requirements 


Now comes the problem of how to 
determine the current density—that is, 
the current per square foot of tank— 
required to prevent corrosion. The 
component parts of a cathodic protec- 
tion system consist of: [1] a source of 
power—generally a full-wave rectifier 
connected to multiple-tap  trans- 
former; [2] an anode system; |3] nec- 
essary electrical wiring to connect the 
anode system to the rectifier; [4] an 
electrolyte; [5] the metal surface to be 
protected ; and [6] an electrical path to 
return the current from the protected 
metal to the rectifier. 

In operation, current flows from the 
rectifier unit to the anode system and 
then through the water or electrolyte to 
the metal surface. In tanks, the cir- 
cuit is completed by using the tank as 
a conductor to return the current to 
the rectifier. 

The total current required to prevent 
corrosion in the tank is difficult to 
determine. If the entire tank were 
bare, it would be an easy matter to 
determine experimentally in a labora- 
tory the current density necessary to 
prevent corrosion ina test piece. Then, 
knowing the total area of the inte- 
rior surface of the tank, it would be 
simple to determine the capacity of the 
rectifier. The voltage requirement on 
the rectifier could likewise be deter- 
mined if the various resistances in- 
volved were known. In the field, how- 


| 
i 


May 1949 


ever, it is not quite so easy since most 
tanks have either a coating of paint or 
some other protective covering or else 
the surface is at least partially covered 
with rust. The surface of the steel 
effectively insulated from the water does 
not need cathodic protection. Usu- 
ally tubercles and rust have formed the 
cathodic portion of a local-action cell 
and therefore are not initially in need 
of protection. The areas to be pro- 
tected are simply those areas that are 
anodic. 

In a bare steel tank, assuming that 
a current density of 2 ma. per square 
foot would stop corrosion, a rectifier 
capacity of 2 amp. would be required 
for each 1,000 sq.ft. of metal surface to 
be protected. However, if this metal 
surface had originally been painted or 
covered with a protective coating of 
adequate insulating value, it is quite 
possible that 75 per cent of the metal 
would not require protection. The 
protection of the entire surface could 
then be obtained by providing 0.5 amp., 
or one-fourth of that required to pro- 
tect 1,000 sq.ft. of bare metal. 

It would seem, therefore, that in 
designing the cathodic protection unit 
there are three major unknowns: |1] 
the current density required to protect 
the metal against corrosion by a par- 
ticular water; [2] the amount of sur- 
face to be protected—that is, the entire 
area minus that portion which is ef- 
fectively coated; and [3] the distribu- 
tion of the protecting current. The 
first unknown can be readily obtained 
in the laboratory by a simple experi- 
ment. The second and third unknowns 
can be found only in the field, by 
measuring the voltage effect of the 
rectifier at the surface of the corroding 
metal. Generally, this is done by 
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measuring the voltage difference be- 
tween the metal and water. 


Cathodic Protection Installation 


It will be helpful to describe a 
cathodic protection installation which 
was made on a 250,000-gal. elevated 
water tank. Constructed in 1934, the 
tank is 40 ft. in diameter and &5 it. 
high, with a water depth of 29 it. in 
the elevated bowl and a riser pipe 5 
ft. in diameter and 55 ft. high. The 
tank mill scale was undisturbed until 
after erection. The surface of the steel 
was then cleaned by scraping and 
brushing, after which two coats of red 
lead were applied. A cathodic protec- 
tion installation was installed in this 
tank in 1940. The original cathodic 
protection system consisted of a 2-amp. 
rectifier and three 2-in. anodes. The 
rectifier was later replaced by a 3-amp., 
27-v. unit, and an additional anode 
was installed in the riser pipe. The 
current output was distributed in the 
proportion of 1.75 amp. to the tank 
and 0.75 amp. to the riser pipe. The 
current densities were 0.46 and 0.86 
ma. per square foot to the tank and 
riser, respectively, based on the as- 
sumption that the entire surface was 
bare. The voltage setting was ap- 
proximately 8-10 v., and the water 
resistance was 3,900 ohms per milli- 
liter. The indicated resistance of the 
entire circuit was approximately 3.3 
ohms. 

In an effort to determine the ef- 
fectiveness of this installation, a series 
of voltage readings were obtained. At 
the time of test one of the three anode 
rods was damaged to the extent that 
only approximately 5 ft. of the rod was 
in contact with the water. The other 
rods were in good condition although 
misshapen. A copper sulfate electrode 
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was lowered into the water opposite 
an anode and very close to the water 
surface. The electrode was equipped 
with spacers in order to keep it within 
1 in. of the metal surface. A potenti- 
ometer was then connected between 
the tank and the copper sulfate elec- 
trode. With the rectifier turned off, 
a reading of approximately 0.45. v. 
was obtained. When the rectifier was 
turned on, the reading was approxi- 
mately 0.55 v. In other words, the 
metal was rendered 0.1 v. more nega- 
tive by the use of this cathodic protec- 
tion installation. A series of voltage 
readings was then obtained at various 
locations along the tank surface directly 
below the original test, each reading 
giving the same result. No attempt 
was made to obtain similar readings in 
the riser pipe. 

The inference from these readings 
would be that the metal in this tank 
was receiving only partial protection 
against corrosion. ‘The question then 
arises, what voltage reading is required 
to indicate full cathodic protection? A 
safe criterion to follow is 0.3 v., since 
the voltage generated by the many 
corrosion cells existing on the tank 
surface is generally considerably less 
than this figure. 
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The problem of current distribution 
from a cathodic protection installation 
can be determined very easily by using 
voltage readings. Consider for a mo- 
ment a steel tank that is perfectly 
insulated from the water with a good 
electrical coating. This tank does 
not need cathodic protection because 
the steel is not in contact with the 
water. 

Now consider that 1 sq.ft. of this 
tank was scraped down to bare metal 
and exposed to corrosion. It would 
then be necessary to provide only the 
current required to protect 1 sq.ft. of 
metal. As the coating on a tank de- 
teriorates, breaks or holidays occur. 
The number and distribution of such 
breaks is unknown, and no amount of 
laboratory work can reveal the interior 
condition of a specific tank. It is pos- 
sible, however, by the use of voltage 
readings, to determine the current dis- 
tribution after a cathodic protection 
installation has been installed. 

To be absolutely accurate, the 
method outlined above should be cor- 
rected for a voltage drop due to the 
resistance of the water and metal coat- 
ing. For practical purposes, however, 
it will indicate whether or not the ca- 
thodic protection system is effective. 
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N water treatment practice, aeration 

is employed for various purposes. 
By this process it is possible to remove 
totally or partially volatile compounds 
imparting troublesome tastes and odors 
to a water. These substances may be 
inorganic—hydrogen_ sulfide, for ex- 
ample—or organic, such as the con- 
version products from phytoplankton 
or other compounds causing mossy or 
marshy odors and tastes. Sometimes 
it is of great importance to reduce the 
carbon dioxide content of a_ water, 
which is often most simply achieved by 
aeration. The aeration of water con- 
taining iron and manganese is a con- 
dition for the oxidation of the metal 
ions to the trivalent stage, preceding 
the precipitation of the oxide hydrates. 
The activated-sludge process in the 
purification of sewage is based upon 
the vigorous aeration of the water in 
special basins. 

A great number of different aeration 
methods are found in common practice. 
Drop aerators, often used at old puri- 
fications plants treating well water con- 
taining iron and manganese, are well 
known. Nowadays spray nozzles, 
cascades, compressed-air diffusers, and 
various other processes are usually 
employed. Modern activated-sludge 


plants as a rule are equipped with 
diffusers in the form of porous plates 
for the dispersion of the compressed 
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air in the water. The aims, principles 
and methods of aeration are discussed 
in detail in the literature (1-3). 


Design Features 


During the last ten years a new 
aeration method has been established 
in Sweden. This device, which has 
been employed for all common pur- 
poses, is called the Inka aerator.* Its 
principal features are evident in Fig. 1. 
A plate of stainless steel, perforated 
in a special manner, is placed hori- 
zontally on a foundation consisting of 
a concrete chamber. The water is 
uniformly distributed over the plate by 
a sprinkle pipe, flowing in the direc- 
tion shown by the arrow. To stabilize 
the bubble layer, a foam screen is 
placed at the discharge end of the 
plate, and the water is drawn off at a 
weir. Air is blown into the concrete 
chamber by a fan, passes through the 
perforated plate and the water, and is 
carried off by an exhaust stack. Thus, 
the direction of the air is at right an- 
gles to the flow of the water. If the 
number, size and location of the plate 
holes are appropriately chosen in rela- 
tion to the flow of water and air, the 
body of the water is distributed in a 


* Made by Industrikemiska A.-B., Rege- 
ringsgatan 109, Stockholm, Sweden. Ameri- 
can representative, A. Johnson & Co., Inc., 


New York. 
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continuous layer of almost uniform, 
polyhedral bubbles (Fig. 2). 

The distribution of the water in an 
enormous number of bubbles, the walls 
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thermore, the water films of the bubble 
layer are constantly renewed, experi- 
mental investigations having given evi- 
dence of a continuous vertical trans- 
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of which consist of thin water films, is 
of great importance for the intensity 
of the gas exchange. It is known that 
the exchange between a gas and liquid 
is chiefly determined by the diffusion 
in the liquid phase and in the boundary 
surface between the two phases. Fur- 


Inka Aerator 


port of water. This is of special 
significance, since the water films thus 
consist of streaming water. The dif- 
fusion of the gases under such favor- 
able conditions is fairly rapid. 

Figure 3 shows an actual installa- 
tion. This aerator is made in four 
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parts, and the bubble layer is seen as 
a white scum. Along the side walls 
are the sprinkle pipes, and in the mid- 
dle the foam screens can be observed. 
The wheels in the center are for regu- 
lating the weirs. In the rear is the 
air fan. The aerator has windows on 
three sides and the concrete walls are 
lined with glazed brick. 


Fic. 2. Water Bubble Layer 

The use of a fan is an inexpensive 
way of supplying air in comparison 
with methods requiring air compres- 
The leading feature of this aera- 
tor, however, is the extremely great 
quantity of air employed. In plants 
for the removal of iron and manganese, 
the amount of air is generally only a 
few per cent by volume of the water. 
Activated-sludge plants require ample 
quantities of oxygen and generally con- 
sume 5-10 volumes of air per volume 
of water. In an Inka aerator the air- 
water ratio normally is between 30: 1 
and 300:1, according to the desired 
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etfect. Because of the very vigorous 
aeration obtained, this method is called 
“intensive aeration” in Sweden. From 
an economic point of view, the great 
air quantities are reasonable, since the 
loss of head due to the passage of the 
air through the plate and water is 
quite inconsiderable, amounting to ap- 
proximately 0.1 psi. The total head 
loss of water in the conduits and at 


Fic. 3. Aerator Installation 


the weirs also is moderate, seldom 


exceeding 0.7 psi. 
Effectiveness of Aeration 


If the assumption is made that the 
gas exchange between air and water 
by the thorough vertical mixing goes 
far enough to establish an equilibrium 
between the oxygen content of the air 
and of the water, the effect of aeration 
may be calculated from the following 
equations : 


(1) 


dz 


W(db.) 
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in which / is the length of the aerator, 
W is the rate of water supplied, 4 is 
the rate of air supplied, a is the oxygen 
content of the air supplied, a, is the 
oxygen content of air escaping at + 
distance from the inlet, > is the oxygen 
content of the water before aeration, 
b, is the oxygen content of the water 
at x distance from the inlet and F is 
the equilibrium ratio of the oxygen 
content of the water to that of the air. 
The oxygen content, ),, of the aerated 
water is: 


b, = Ra — (Ra — (3) 


The aeration effect of a given aera- 
tor obviously is determined by the 
ratio of air and water flow. If the 
purpose of aeration is to remove gases 
—for instance, carbon dioxide—Fq. 3 
is still valid; the notations ),, a and b 
then signify the concentrations of car- 
bon dioxide, and RF the corresponding 
equilibrium ratio. 

Practically, the dimensions and work- 
ing conditions of an Inka aerator must 
be founded on an empirical basis. Ex- 
perimental data do not agree with theo- 
retical calculations, since in reality the 
equilibrium of the gas exchange is not 
attained. Experience now makes it 
possible to construct Inka aerators 
which will meet previously stipulated 
requirements concerning the increase 
of the oxygen content or the reduction 
of the carbon dioxide content of the 
water. Further important questions of 
working practice involve the suitable 
water flow per unit of length and the 
appropriate amount of air per unit of 
area of the perforated plate. Correct 
values must be chosen, as otherwise an 
even and stable bubble layer is not 
obtained. 
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Carbon Dioxide Removal 


Although the essential features of 
the function and applicability of the 
aerator have already been illustrated, 
a more detailed discussion of the re- 
moval of carbon dioxide in hard and 
moderately hard waters may be of in- 
terest. In this field the aerator has 
met with particular success in Sweden. 
The aim of aeration under these condi- 
tions is often to render the water scale- 
forming—that is, to adjust the water 
to its calcium carbonate saturation 
point. By the addition of lime, sodium 
carbonate or caustic soda, it is always 
possible to transfer the carbon dioxide 
into hydrocarbonates, thereby bringing 
the water to such a composition that 
it is saturated (or oversaturated) with 
calcium carbonate. Likewise, hard or 
moderately hard waters may be brought 
to the saturation point by aeration. At 
the saturation point the composition of 
the water is determined by the equi- 
librium equations : 


CH*+][HCO;-] = ki [COs]... . (4) 
= ke[HCO . (5) 
[Ca++ ][CO;--] = 


k, and k, denoting the dissociation con- 


| 


stants of carbon dioxide and k, the 
solubility product of calcium carbonate. 
From Eq. 4-6, two important expres- 
sions are easily obtained : 


ke 
hk, -[Cat* JTHCO . (7) 


[COs] 


ke 

[H*] [Ca++ ][HCO,]..... (8) 
Equations 7 and 8 prove that every 
water at the saturation point contains 
a certain amount of carbon dioxide and 
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shows a definite pH value. The 
amount of carbon dioxide at the satu- 
ration point in soft waters is extremely 
small and analytically not determinable. 
For that reason, in the United States 
Eq. 8 is of principal interest. Equa- 
tion 7 is particularly important for the 
aeration of moderately hard and hard 
waters. It determines the maximum 
content of carbon dioxide which should 
be left in the water after aeration. All 
of these equations and expressions have 
been discussed in considerable detail 
by a great number of authors (see the 
article by Langelier (4) and the refer- 
ences therein). 

Calculation will often show that it 
is most economical to adjust the water 
composition to the saturation point by 
the addition of lime. Although this 
method is frequently the best one, its 
inconvenience, due to the increase in 
water hardness and the necessity of 
permanent control, may give the pref- 
erence to aeration. Some water plants 
treating soft waters, in order to avoid 
combining aeration with the addition 
of lime, pass the aerated water through 
filters containing alkaline filter media 
(“magno”). The supervision neces- 
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sary for such a combination plant is 
inconsiderable. 

As the corrosion of certain metals in 
water is accelerated by high oxygen 
contents, intensive aeration may consti- 
tute a disadvantage. Larson and Bus- 
well (5) have stated: “From the stand- 
point of corrosion prevention the 
disadvantage of introducing excessive 
dissolved oxygen may overcome the 
advantage of calcium carbonate super- 
saturation. This would be particularly 
true at dead ends of low circulation.” 
This fact should be kept in mind espe- 
cially in dealing with very soft waters, 
the scale-forming capability of which is 
doubtful. 
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HE method presented in this paper 

for determining the values of flows 
and friction head losses in pipeline net- 
works has an inherent advantage for 
use in networks with a small number of 
loops. Like the relaxation or Hardy 
Cross method (1), the procedure in- 
volves successive approximations which 
determine corrections in flow rates in 
the network loops. However, since these 
corrections are found with due regard 
for the restrictions imposed on changes 
of flows and head losses by the com- 
plete configuration of the network, con- 
vergence is often achieved in one ap- 
proximation step, and should rarely 
require more than two successive ap- 
proximations. Each successive step 
involves the solution of a set of simul- 
taneous linear algebraic equations equal 
in number to the number of effective 
loops in the network. The procedure is 
illustrated by a numerical example ap- 
plying to a three-loop network. 


Initial Assumptions 

Figure 1 is a schematic diagram of 
a pipeline network having considerable 
generality. The network contains two 
distribution loops, > and c, which de- 
liver fluid to six known loads; two 
trunk supply mains, 1 and 9; and two 
sources of flow, between which is main- 
tained a known difference of head, 17’. 
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A third effective loop, a, is required in 
the analysis to account for the effect of 
the source head difference, /7’. 

For each pipeline in the network, the 
rate of flow, O, and the loss of head, H, 
caused by fluid friction are usually con- 
sidered to be related by an expression 
of the form: 


H = k,Q”.... 


in which # is a constant, often taken as 
1.85, and k, is a constant whose value 
depends on the dimensions and condi- 
tion of the pipeline. The constant kp is 
hereafter called the head loss coefficient 
of a pipeline. Given values of k, for 
the pipelines of Fig. 1 are listed on line 
5 of Table 1. 

The first step in the analysis of a net- 
work is to assign guessed values of 
flows and head losses to all its pipelines 
in a manner which balances the net- 
work both with respect to flows and to 
head losses. These guessed values are 
chosen with reasonable attention to the 
given values of head loss coefficients, 
ky, so that the initial values, ko, of the 
coefficients lie within a range of about 
40 to 200 per cent of the corresponding 
correct values, k,. In Fig. 1, the as- 
sumed values of head loss, //», are un- 
derlined, and the assumed values of 
flow, Qo, are shown at the tails of the 
flow arrows, These values of Ho and 
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Qo are listed on lines 1 and 2, respec- 
tively, of Table 1. The corresponding 
values of ky given on line 4 of Table 1 
for n = 1.85 are found from the rela- 
tion: 


ee 


Computation of Flow Corrections 


The assumed flows and head losses 
must be so adjusted that the incorrect 
values, ko, of head loss coefficients will 


TABLE 1 


Values Corresponding ton = 1.85 
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efficients, the next step is to compute 
the values of the correction factors, ao, 
by which the incorrect coefficients, ko, 
must be multiplied to obtain the de- 
sired coefficients, kp. Values of this 
factor: 


are given for all pipelines on line 6 of 
Table 1. If all the coefficients are to 
be corrected to new values, kp = aoko, 


Table 
_Line Quantity 
Number 1 | 2 3 
a Hy 15 8 5 
| Oo | 21 
Oon | 280 | 13 | 46.9 
| to 0.0535 | 0.615} 0.107 
Qor 
5 0.028 | 0.13 


0.524 1.22 


7 Ro ae 0.715 2.0 0.625 

s | aoRo | 0.374 1.14 0.763 

9 7.85 4.55 6.1 
10 AQ 2.19 0.75 —0.97 
11 4.05 1.39 —1.79 
12 Qo 25.05 5.39 6.21 
13 | Hy, (Eq. 7) 94 6.14 4.75 
14 | 23.2 4.75 7.03 
15 ) 
1 


be converted to their correct values, Rp. 
The following treatment explains the 
procedure for accomplishing this ad- 
justment. The fundamental principle 
involved is that a change in head loss 
in a pipeline varies very nearly in pro- 
portion to the corresponding change in 
flow rate, provided the change in flow 
is not large compared with the total 
flow. 

Since all flow corrections in the net- 
work should be governed by the neces- 
sary changes in values of head loss co- 


Pipeline Number 


| = = 
6 a | 20 | 35 10 28 
7.63 | 84.4 71 | 7.63 | 1 150 
0.785 | 0.083 0.282 4.59] 10 0.187 


0.39 


0.05 O.15 


0.496 0.603 0.802 
2.0 0.636 2.0 8a. 10 1.87 
0.992 0.384 3.54 17. 5 | 50 
2.98 4.22 35.4 53. 5 .$ 
1.44 1.44 —1.72 —0. 
2.66 2.66 —3.18 —0. Os 
5.66 13.66 6.82 
5.61 5.24 24.1 38. 
4.44 12.44 8.28 2. 

5. 

0.0494 


the flows and head losses for all pipe- 
lines must change to correspond to the 
corrected coefficients. Let /7, and AO 
represent, respectively, the corrected 
head loss and change in flow in any 
pipeline which result from changing the 
head loss coefficients throughout the 
network. The value of the revised head 
loss is then, from Eq. 1: 


TI, = ak o(Qo + AQ)". (4) 


Taking the first two terms of the bi- 


| 
IT 
Qo ky 
0 
H 
| 
‘ 
Oy" 
4 
5 
ae 


nomial expansion indicated in Eq. 4, 
one obtains as a first approximation: 
= aoko(Qo" + nQo" AQ) (5) 


Define the original resistance, Ro, of 
each pipeline as the ratio of the orig- 
inal head loss to original flow: 


Ro Ov = (6) 


Substitute Eq. 6 in Eq. 5 to obtain: 


= aoRo(Qo + nAQ)....(7) 


4 
8 6 10 ‘4 


lic. 1. Pipeline Network Diagram 


Equation 7 gives the value, to a first 
approximation, of the corrected friction 
head loss for each pipeline correspond- 
ing to a simultaneous change in flow, 
AQ, and in head loss coefficient de- 
termined by the correction factor ap. 
The value of AO in Eq. 7 is positive 
when it increases the magnitude of the 
original flow, Qo, and is negative when 
it decreases the flow. To use Eq. 7 in 
analyzing a network, one recognizes 
that the values of H, for all the pipe- 
lines bounding any loop should be in 
balance. For example, in loop a of 
Fig. 1, the sum of the values of /7, for 
pipelines 9 and 6 must equal the head 
difference, 1H’, plus the sum of the val- 
ues of #7, for pipelines 1 and 2. If the 
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network contained no loops other than 
loop a, the magnitude of AQ would be 
the same for all pipelines, and one could 
solve immediately for its value. How- 
ever, it is more important to consider 
the general problem of a network con- 
taining / loops. 

If Eq. 7 is applied to all the pipelines 
in an /-loop network, subject to the re- 
strictions imposed by the network ar- 
rangement, it can be shown (2) that the 
head loss relations may be expressed 
by a set of simultaneous linear algebraic 


g 561 10 9.45 


Fic. 2. Results of First Approximation 


equations of the following general 
form: 


Loop a: Reshis + RivAs 
+ . (8a) 


Loop RigAa + + 
= Ho. (8b) 


Loop l: + + 
+- . (8c) 


In Eq. 8, the flow corrections, Aq, As, 

A), are the unknowns. They are 
the changes in flow which occur in the 
loops indicated by the respective sub- 
scripts. For convenience, it is recom- 
mended that they be called positive in 
the clockwise direction in all loops, as 


H!'=25 === H!=25 === 
= fe 
/ 15 0,-232 128 
=94(1 
4—> <—10 476—> <— 827 
© 2 © 
6 8 6 20 2 6 61 6 241 2 Ae 
11 8 3 12.44 7.03 2.53 a 
7@ {% |5@ | 524@) | 6 ¢ 383@ | 
4 (8) 
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shown in Fig. 1. The change of flow, 
AQ, in any individual pipeline is the 
resultant, with proper regard for sign, 
of the flow changes in the loops which 
it bounds. Each right-hand member, 
H,, . . . in Eq. 8 represents 
an influence tending to cause a positive 
or clockwise change in flow in each 
loop. Its value for loop / is: 


H, = n Yagl1o) (9) 


in which //,' represents the head dif- 


TABLE 2 


Evaluation of H Terms 


Positive 
(clockwise ) 22. 
35 


Negative 
(counter- 7.85 2.98 35.4 
clockwise) 4.55 4.22 6.1 


| 
Laollo 45.5 3.45 7% 
H’ 25 
H'— —20.5 | —3.45 |) -7.1 
H —11.05| —1.86 | —3.83 
| 


ference, if any, maintained between two 
sources bounding loop /, taken positive 
when that difference tends to cause a 
positive or clockwise flow; and SapHo 
is the sum of the products of the cor- 
rection factors, a», and the original head 
losses, Ho, for the pipelines bounding 
loop 1. All head losses //o are taken 
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positive when in the assumed positive 
direction of loop flow change, A;, and 
negative when oppositely directed. 
For the present example, magnitudes 
of ao/7o are given on line 9 of Table 1. 
The evaluation of the H terms is car- 
ried out in Table 2, from Eq. 9, with 
the following results : 


H, = 11.05 head units. . (10a) 
H, = — 1.86 head units. .(10b) 
H. = — 3.83 head units. .(10c) 


The RF coefficients in Eq. 8 are of 
two general types. For each loop, the 
self-resistance, Roa, . .. Ru, is 
the arithmetic sum of the dof» prod- 
ucts for the pipelines bounding the 
loop. These products, given on line 8 
of Table 1, are added here for the 
present example : 


Raa (pipelines 1, 2, 
= 0.37 + 1. 
+ 1 (11a) 


+ 0,992 


= 1.14 + 0.76 
+ 0,384 = 3.28. .(11b) 


R... (pipelines 


The mutual resistance, such as Ry», for 
any pair of loops is the negative of the 
value of the product ao/o for the pipe- 
line common to the two loops identified 
by the subscripts. The negative sign 
occurs in the usual situation where the 
positive flow changes in the two loops 
oppose each other in the common pipe- 
line. If the loop flow changes are both 
in the same direction in any pipeline, 
the mutual resistance for the two loops 
is positive. Whenever two loops have 
no pipeline in common, the value of 
their mutual resistance is zero, Val- 
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| 
; 
ore 
& 
| Loop q 
a | b | 
Values of aoHo 
| 
6.1 
S79 | 10.65 53.6 (pi 5 
= 
| | 5.0 6, 7, 8, 3) 
= 3.54 + 17.9 + 5.0 
+ 0.76 = 27.2. (1c) 


ues of mutual resistance in the present 
example, taken from line 8 of Table 1, 
are: 


Ra = Ri = — 1.14... .(12a) 
Roe = Rw 0.763...(12b) 
Ree = Rea = — 3.54... .(12c) 


The literal constants in Eq. 8 are 
now replaced by their numerical values 
to give the simultaneous equations : 


6.554, — 1.144, — 3.544, 
= — 11.05. .(13a) 


— 1.144, + 3.284, — 0.763A, 
= — 1.86..(13b) 


— 3.544, — 0.7634, + 27.24. 
= — 3.83. .(13c) 


Pipeline Hy Hy Oo 


1 15 94 
2 8 6.14 4 
3 5 | 4.75 8 
4 6 | 5.61 3 
5 7 | §.24 11 
6 20 244.1 | 10 
7 35 383 3 
8 10 O45 | 1 
9 | 28 | 16.4 15 


The roots of Eq. 13 are: 


A, = — 2.19 flow units. . (14a) 
A, = — 1.44 flow units. .(14b) 
A. = — 0.47 flow unit. . . (14c) 


Values of actual flow changes AO in 
all the pipelines are found by appro- 
priate algebraic addition of the perti- 
nent loop flow changes. For example, 
in pipeline 3 positive flow change A, 
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TABLE 3 


Comparison of Values After First-A pproximation Solution With 
Original Guesses and Desired Head Loss Coefficients 
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is in the direction of original flow Oo, 
and positive flow change A, opposes 
the original flow. Hence the value of 
AO is A, — A,, or — 0.97 flow unit, as 
shown on line 10 of Table 1. After all 
entries on line 10 have been made, their 
accuracy should be checked by com- 
pleting line 14 to find the values of 
corrected flow rates, O,. These new 
flows are then inserted on a diagram 
showing results of the sdlution, as in 
Fig. 2. The flows must be in balance 
at every network junction. 

The final step in the first approxi- 
mation is to carry out the operations 
indicated on lines 11, 12 and 13. of 
Table 1. The corrected head losses, 
H,. from line 13 are then entered in 


ko k ky 


23.2 0.0535 0.0282 0.028 
4.76 0.615 0.343 0.35 
7.03 0.107 0.128 0.13 
444 0.785 | 0.355 0.39 

12.44 0.083 0.0494 0.05 
8.28 0.282 | 0.486 0.50 
2.53 459 | 6.88 7.00 
1.47 10 4.55 5.00 

12.81 0.187 0.146 O15 


Fig. 2, and are inherently in balance 
if the computations have been cor- 
rectly made. Ifa slide rule is used for 
calculations, it may be necessary to 
adjust the values of //, very slightly 
before they are inserted in Fig. 2 to 
show an exact balance of head losses. 


Check on Accuracy 


The accuracy of the entire solution 
is tested by computing the values of 
head loss coefficients, k,, which corre- 
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spond to the corrected flow rates, O,, 
and head losses, H,, as shown on line 
16 of Table 1. The results of this 
first-approximation solution for the 
present example are given in Table 3. 
The last two columns of Table 3 com- 
pare the values of k, and k, and show 
a striking improvement in the values of 
the head loss coefficients from their 
original values, k,. Original values 
of coefficients lying in the range of 
approximately 50 to 177 per cent of 
their correct values, as shown on line 
6 of Table 1, are improved so greatly 
that seven of the nine coefficients have 
only trivial errors, and the two which 
are significantly incorrect have errors 
of approximately 10 per cent. Most 
engineers would consider this solution 
satisfactory, but if even better preci- 
sion is required, a second solution 
based on the results of the first would 
give almost perfect values of all quan- 
tities. 

The error in head loss determined 
by the linear approximation for any 
pipeline does not depend on the per- 
centage error in the value of its origi- 
nal coefficient, except as the coefficient 
error contributes to the entire read- 
justment of network flows. The error 
depends largely on the ratio of the flow 
change, AQ, to the original flow, Q,,. 
in the pipeline. The head loss error 
resulting from the linear approxima- 
tion is plotted as a function of the 
ratio AO /Q, in Fig. 3. This usually 
small inherent error is always nega- 
tive; that is, it indicates head losses 
slightly lower on the average than 
they should be. A simple method of 
compensating for this slight bias in the 
results is to raise all values of a, by a 
small amount, such as 3 per cent, be- 
fore entering them in Table 1. The 
head losses found from the solution will 
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still be in balance, but the coefficients 
will be randomly distributed about 
their correct values. 


Advantages and Disadvantages 


The method of analysis of pipeline 
networks described above has two ad- 
vantages. One is that the simultaneous 
effect of all pipelines in the network is 
considered in the solution. Hence, the 
flow changes found for the various 
loops do not overcorrect significantly 
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6 // 
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/ 
= 
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per cent 
Fic. 3. Error in Head Loss Approximation 


between successive steps, and rapid 
convergence results. The second ad- 
vantage follows from the first. For a 
given set of original guesses of flow 
rates, the same degree of accuracy in 
the result is obtained in fewer actual 
computational steps compared with the 
relaxation method, as found in several 
actual comparisons. The saving in 
total work increases as the number of 
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loops increases. The number of com- 
putations per successive approximation 
is greater than in the relaxation method, 
but fewer successive approximations 
are required, and usually one should 
be sufficient. 

The principal disadvantage of the 
method is the requirement of solv- 
ing the simultaneous equations. The 
writer uses a set of generalized solu- 
tions for the roots of the equations for 
networks of one to four loops.  Lit- 
eral solutions for the roots of equations 
for networks having more loops could, 
of course, be derived. Solutions by 
determinants may be used, or machine 
methods may be employed for studies 
of large networks. Another interest- 
ing method of solving simultaneous 
equations has been published (3). It 
is probable that most engineers will 
limit their use of this linear-approxi- 
mation method to the analysis of net- 
works containing only a few loops. 

In common with any successive- 
approximation method, the procedure 
described here involves the sometimes 
troublesome operation of making rea- 
sonably good original guesses, and it 
has a similar, though less serious, dif- 
ficulty in convergence when a pipeline 
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carrying a small flow is subject to 
relatively large flow changes because 
of its proximity to pipelines carrying 
large flows. 


Conclusion 


The linear-approximation method is 
well adapted to the analysis of flows 
and head losses in networks containing 
a few loops. Convergence is certain 
and rapid, and the number of compu- 
tational operations required is less than 
that needed in the relaxation method 
to give the same degree of accuracy 
from the same original guesses of flow 
rates. Since the method involves rela- 
tively little repetition of identical op- 
erations, it is not tedious to use. 
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INNIPEG, Man., is located at 

the junction of the Red and 
Assiniboine Rivers. The city is now 
using its third source of water supply. 
The first system, which took water 
from the Assiniboine River, was in- 
stalled in 1880 and operated by the 
Winnipeg Water Works Co., a private 
concern. In 1899 the city purchased 
the plant, thus making it a municipally 
owned and operated utility. The fol- 
lowing year the source of supply was 
changed to artesian wells. 

By 1906 it was evident that this 
well supply would not be adequate, and 
engineering boards were set up to in- 
vestigate new sources. These studies 
finally led to the incorporation of the 
Greater Winnipeg Water Dist. and the 
building of an aqueduct, 965 miles 
long, which brought water into the 
city from Shoal Lake, the western arm 
of the Lake of the Woods. This water 
flows by gravity to the reservoirs from 
which high-lift pumps deliver it di- 
rectly into the system. 

The domestic distribution system 
consists of 328 miles of mains, ranging 
in diameter from 3 to 42 in., which 
are mostly cast iron, but also include 
cement asbestos, reinforced concrete 


and concrete-covered steel pipe. There 
are over 50,000 services, nearly all 
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metered, made of lead, copper or cast 
iron; 2,919 hydrants, 2,421 of which 
have control valves; and 3,361 main 
valves in the system. 

In addition to this domestic system, 
which operates at 75-psi. pressure, the 
city also has a separate, high-pressure 
system which can pump water at pres- 
sures up to 300 psi. for fire-fighting 
purposes. There are 12.8 miles of 
cast-iron mains and 16] hydrants in 
this system. 


Water Mains 


The climatic and soil conditions in 
the Winnipeg area make the mainte- 
nance of water mains very difficult. 
The soil in Winnipeg is a lacustrine 
and alluvial silt overlying glacial till. 
It had its origin in the grinding and 
pulverizing of limestone rock areas 
lying immediately to the north and was 
formed by the southward moving gla- 
ciers of the ice age. 

The soluble salts originally present 
in the limestone have crystallized in 
pockets and stringers in the clay just 
beneath the surface soil. The salts 
usually encountered in excavating in- 
clude the sulfates of sodium, magne- 
sium and calcium, which are objection- 
able because of their relatively high 
corrosive action. 
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Corrosion cells are set up on the 
underground pipe when the ground 
water dissolves the salts present in the 
soil, the solution acting as an electro- 
lyte in conjunction with the metallic 
constituents of the pipe walls and fit- 


tings. The resultant corrosion is an 
electrochemical process induced by gal- 
vanic action which produces graphiti- 
zation of cast iron. This form of 
corrosion causes the greatest trouble 
in the Winnipeg area. Usually the 
life of the cast-iron pipe is not much 
more than 40 years, after which the 
pipe becomes so soft and the leaks so 
frequent that it has to be renewed. 

On the average, approximately 180 
main breaks are repaired each year, 
a very high figure for a system of this 
size. Centrifugally cast cast-iron pipe, 
which the city began to install in 1925, 
appears to sutfer from the corrosive 
soil conditions somewhat in the same 
fashion as does the pit-cast pipe. Signs 
of very bad corrosion have also oc- 
curred in cast-iron pipe manufactured 
locally after being in service for a ten- 
year period. 

In 1932, as a result of a considerable 
amount of study and experimentation, 
it was decided to install some asbestos- 
cement pipe. The first main was 18 
in. in diameter and was laid in a loca- 
tion adjacent to a Winnipeg Electric 
Co. substation, where the soil was 
known to be extremely active. This 
pipe was very carefully observed. It 
was examined after six years of service 
and again in the fall of 1946, when thor- 
ough tests were made in conjunction 
with the Johns-Manville Co. and the 
Pitometer Co. These tests showed 


that after fifteen years of service there 
was no visible sign of any deterioration. 
The pipe, couplings and gaskets were 
apparently in as good condition as the 
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day they were laid, and the Hazen- 
Williams flow coefficient was 140. The 
conclusion has therefore been reached 
that asbestos-cement pipe appears to 
be more suitable than cast-iron for 
local conditions, and a policy has been 
adopted of renewing all mains and in- 
stalling a good number of new mains 
with asbestos-cement pipe. 

To prevent the mains from freezing, 
a minimum of 73 ft. of cover is speci- 
fied, since a frost penetration of more 
than 7 ft. is not uncommon. It is ap- 
parent that locating and repairing main 
breaks under the severe winter condi- 
tions, with such a depth of frost, is 
quite a problem. Although most of the 
work in repairing breaks in the distri- 
bution system must still be done by 
hand, it has been found possible to in- 
crease the efficiency of the work by 
the use of certain mechanical equip- 
ment. 


Services 

The city of Winnipeg constructs and 
maintains the street portion of all 
services. Corporation cocks are tapped 
into the mains under pressure with five 
tapping machines, which can_ install 
services up to 8 in. in size under pres- 
sure. Stop- or curb cocks are installed 
15 in. inside the street line to con- 
trol the service. This practice is con- 
venient in helping to determine which 
portion of a service is leaking. Both the 
corporation cocks stopcocks are 
manufactured by the engineering de- 
partment’s own machine shop. 

The original services installed in the 
city. were of either galvanized- or 
wrought-iron pipe. Neither of these 
materials stood up in corrosive soil and 
all such services have since been re- 
placed. Lead was used until it was 
found that the life of lead service pipe 
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in the Winnipeg area runs from about 
30 to 40 years. The pipe then appar- 
ently becomes very brittle and granu- 
lar, causing breaks to develop. Type 
K copper tubing has been employed in 
Winnipeg since 1924, with the ex- 
ception of a few years during the war 
when its use was prohibited by the 
Metals Controller. This material has 
shown no signs of failure after 25 years, 
although its ultimate life cannot be 
predicted. 

Originally services were installed at 
a depth of 63 ft., but this was too 
shallow and resulted in services freez- 
ing during severe weather. All services 
on the street are now installed at a 
minimum depth of 8 ft. and the Water 
Works By-Law makes it mandatory 
for the private portion of the services 
to be installed at a minimum depth of 
74 ft. More trouble has been ex- 
perienced with the private-property sec- 
tion of the service than with the city’s 
portion. In the winter of 1935-36, an 
abnormally severe one, approximately 
1,000 services were frozen, one-third of 
which were frozen on the street portion, 
while the remainder were frozen on 
private property. During a normal 
year there are about 50 frozen services 
on the street and an equal number on 
the property. To thaw out frozen serv- 
ices and mains, the department has a 
portable generator driven by a gas en- 
gine. This unit is mounted on a trailer 
with pneumatic tires and has a capac- 
ity of 600 amp. at 10-60 v. The de- 
partment also has another thawing 
machine, consisting of a generator con- 
nected to a transformer which can be 
driven by an automobile engine. This 
unit is only used as standby or when 
additional equipment is required. 

As explained previously, the curb 
cocks are located approximately 15 in. 
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from the property line to enable the 
stopcock box to be placed on the con- 
crete sidewalk in front of the premises. 
The city is divided into five districts 
and a meter man turnkey, equipped with 
a panel body truck, is assigned to each. 
He is responsible for the installation 
and operation of all stopcocks in his 
district. The city does not permit any- 
one other than authorized water works 
personnel to operate its valves and 
stopcocks. 

In the winter, when the sidewalks 
are covered with snow and ice, it be- 
comes difficult to locate these boxes. 
It is thus essential to have a good sys- 
tem of records. At Winnipeg, this 
information was formerly kept in four 
different records in bound sets of books. 
Because this was quite a cumbersome 
arrangement, it was decided, after a 
good deal of consideration, to try and 
coordinate the data more flexibly. 

The changeover is just being com- 
pleted. Each service is now listed on 
a separate card. The cards, arranged 
horizontally in trays, are filed by street 
and house number, and they contain: 
all information concerning the origi- 
nal installation of the service, includ- 
ing its service number, the size and 
kind of pipe, and its location, with both 
short and long measurements ; the me- 
ter size, number and date of installa- 
tion or removal, together with the rea- 
son for it; and turn-on and turn-off 
information. On the reverse side are 
shown any repairs that have been made 
and any required sketches. Each size 
of service has a distinctively colored 
card. Along the bottom edge of the 
card, space has been provided for the 
insertion of a colored flag indicating 
the meter size and the year in which it 
is to be removed for a routine test. If 
any information is required about the 


Gee 
ate 
ee 
| 
5 
; 
} 
ket 
: 
4 
a 
4 


432 N. S. 


service on any particular premises, the 
complete history can be obtained by go- 
ing to the proper drawer and flipping 
to the card for that address. The size 
of the service and the meter, whether 
the service is on or off, and when the 
meter is to come out for test can be 
seen at a glance without even opening 
up the card. 

The record of the more than 50,000 
services is kept in cabinets in the dis- 
patch room and is available at a mo- 
ment’s notice. This record will be 
put to even greater use when two-way 
radio is installed in the meter turnkey 
trucks sometime in 1949, 


Valves 


One of the most important types of 
equipment in any water distribution 
system is the control valve. Fre- 
quently the original design cf a distribu- 
tion system does not provide for enough 
valves, and Winnipeg was no excep- 
tion. Before steps were taken to cor- 
rect this condition, it was necessary in 
extreme situations to operate more 
than two dozen valves to effect a shut- 
down. This practice is the poorest 
type of economy. 

As already mentioned, Winnipeg has 
a very large number of breaks to re- 
pair annually, which requires the shut- 
ting down of sections of mains, leav- 
ing customers without their normal 
supply of water. The department has 
adopted the policy of furnishing its 
customers with a temporary supply 
whenever possible. If the customers 
cannot be notified in advance to draw 
a supply, residential users are supplied 
by means of a water tank and commercial 
and industrial users by temporary hose 
service. Obviously the section which 
has to be shut down in emergencies can 
be materially reduced by increasing the 
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number of valves in the system. As a 
result, it is now the practice to try and 
isolate service main sections no longer 
than 600 ft., three valves usually being 
installed at an intersection. 

Because soil corrosion affects the 
valves and valve bolts, it was found 
more economical to go to the expense 
of using stainless steel bolts than to 
dig out the valves. Serious consider- 
ation is being given to having all valves 
installed in valve pits, a practice now 
followed for valves 10 in. and over. 
This plan permits regular maintenance, 
repacking and the like without the nec- 
essity for digging out the valves. 
Wooden valve boxes, originally placed 
on all the valves, rotted in a short space 
of time, making it impossible to oper- 
ate them. As a result, the department 
now uses cast-iron valve boxes, of the 
telescopic type, made to its own stand- 
ards. 

In order to assist in regular main- 
tenance and reduce the time necessary 
to shut off a section of main, the de- 
partment operates a special trouble or 
“emergency” truck. The vehicle is in 
service 24 hours a day and is equipped 
with a Payne Dean Valve Operator 
Unit,* operated from the truck’s power 
takeoff unit, which is used to open and 
close valves. Although this device can 
be employed on all sizes of valves, the 
department limits its use to valves 12 in. 
and larger. This piece of equipment is 
most useful, particularly on large geared 
valves. In the winter a Hauck Boiler, 
for thawing out valve boxes and hy- 
drants, is mounted on the emergency 
truck. It also has the miscellaneous 
small tools, valve keys and lanterns 
necessary to deal with various dif- 


ficulties, as well as a two-way radio. 


* Made by Payne Dean & Co., Madison, 
Conn. 
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A very complete record of all valves 
operated is kept by means of a system 
of turn-off and turn-on cards. It is 
the regular practice to have these valves 
checked by a second emergency crew 
as soon as possible after action has been 
taken. This arrangement was adopted 
to make sure that valves which had 
been closed to shut off a main were 
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Fic. 1. Modified Hydrant Top 


not left in that position when the main 
was again put into service, 


Hydrants 


As the hydrants were originally pur- 
chased on the open market with no at- 
tempt made to standardize them, there 
were more than a dozen different makes 
The disad- 


to be found in the system. 
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vantages of this practice were soon rec- 
ognized, however, and a standard hy- 
drant of the Corey type, manufactured 
by a local firm, was adopted. Later 
the city improved this hydrant by mak- 
ing certain modifications. Local foun- 
dries using the city’s patterns now 
make the cast-iron and brass castings, 
which, along with other parts, are ma- 
chined and assembled in the engineer- 
ing department’s own machine shops. 
Winnipeg considers the practice of fab- 
ricating its own hydrants, stopcocks, 
curb cocks and meter repair parts good 
business, and it certainly paid off dur- 
ing the war, when materials were in 
such short supply. 

Hydrants are located at street inter- 
sections whenever possible and not 
more than 400 ft. apart. They usually 
sit about 8} ft. from the street line, 
which is far enough back of the curb to 
reduce the danger of being struck by 
vehicles and permits the installation of 
a shutoff valve, while still allowing 
enough room for small tractors with 
plows to clear the walks of snow. 

The city tries to see that the hy- 
drants are in operating condition at all 
times. In 1947, 30 hydrants were dug 
out for repairs, 709 light and heavy re- 
pairs were made, 83,687 inspections 
were made and 124 hydrants were 
painted at a cost of $22,330. 

Most hydrant maintenance problems 
are due to freezing, usually resulting 
from improper use of the hydrant dur- 
ing cold weather, from the failure of the 
hydrants to drain, from slow leaks 
around the valve or from moisture 
around the operating nut. 

As far as possible an attempt is made 
to prevent these troubles by good de- 
sign. Whenever feasible, hydrants are 
drained to the sewer. In some areas, 
this practice is not permitted because of 
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the possibility of contamination, but 
Winnipeg’s clay subsoil is almost im- 
pervious, and the use of drainage pits 
is not very satisfactory. 

One of the modifications made was 
the gouging of the bonnet (see Fig. 1), 
thus reducing the contact surface be- 
tween it and the spindle with a re- 
sultant decrease in the likelihood of 
freezing. The shaded area in the lower 
portion of Fig. 1 shows where part of 
the operating nut bearing has been 
gouged out. 

A regular system of inspection has 
been set up, with every hydrant num- 
bered and listed on a separate inspec- 
tion sheet, which has ruled columns 
giving the date of inspection and the 
various reasons for which a hydrant 
may be unserviceable. An inspector is 
assigned to each of seven districts and 
is given a loose-leat binder containing 
the inspection sheets of the hydrants 
in his district. Instructions and rules 
for inspection are rigidly adhered to. 
If an inspector finds a hydrant un- 
serviceable, he notes it on the sheet, 
places an “out of service” cap over the 
operating nut and notifies the operating 
office as soon as possible. This infor- 
mation is passed along to the fire-police 
signal station so that the fire depart- 
ment always knows which hydrants are 
out of service. 

From late October until the middle 
of May the hydrants in the commercial 
area are inspected at least twice a week, 
and at least once a week in the rest of 
the city. Inspections are less frequent 
during the summer. 

One truck is used specifically for 
servicing hydrants and valves. A spe- 
cial heated body is put on this truck 
in the winter. In it is installed a Hauck 
Boiler, which provides steam to thaw 
out frozen hydrants and valves. The 
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truck is also equipped with pumps to 
pump out hydrants that do not drain 
well after use. During the most severe 
part of the winter it is necessary to op- 
erate this truck sixteen hours a day. 


Equipment 

The department firmly believes in 
economizing by using mechanical equip- 
ment whenever possible. It is, of 
course, obvious that in the type of work 
being performed by the water depart- 
ment it is essential that this equipment 
be reliable and properly maintained. 
The mobile equipment of the depart- 
ment consists of eighteen trucks; six 
compressors, one of which is a self-pro- 
pelled tractor-compressor; four tool 
trailers; a mobile crane; a_trailer- 
mounted water tank; a mobile thawing 
machine; two trenching machines; a 
truck-mounted Buda-Hubron * earth 
drill; and over a dozen wheeled work- 
men’s shacks, as well as numerous small 
miscellaneous equipment, such as 
pumps, lighting plants, tapping and 
pipe-pushing machines and pneumatic 
tools. 

The department's mechanical equip- 
ment has more than doubled since 1939, 
but no proper storage facilities were 
provided, a situation which it was im- 
possible to correct during the war. The 
vehicles had to be stored at several 
points in the city, some in dilapidated 
wooden buildings located in the Central 
Yards, others in an old gas producer 
building at the high-pressure plant. 
The spring of 1948 saw the completion 
of a new garage building located at the 
Central Yards. The building is 65 by 
125 ft., part of it being two stories in 
height. It provides storage facilities 
for all mobile equipment for the water 
works and sewerage branch of the de- 
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partment, as well as space for greasing 
and washing. All repair work is done 
by the equipment section of the depart- 
ment in its repair shop immediately 
adjacent to the garage. There are also 
repair shop facilities for the hydrant 
and valve section. In the second-story 
portion of the building are located the 
most modern type of lunchrooms, wash- 
rooms, showers and locker rooms. 
Members of the branch can eat their 
lunch under pleasant, sanitary condi- 
tions and clean up and change clothes 
when they go to and from their work. 


Important Elements 


It may be useful to outline briefly 
the several important points which 
guide the department in carrying on 
maintenance and operational work. 

1. Design. The first, and possibly 
the most important, step in reducing 
maintenance and repair work is good 
design. Ample thought, based on ex- 
perience in the field, should govern the 
planning of all replacements and new 
work. Careful attention should be paid 
to making up specifications covering 
materials and their installation. A 
good plan is to make use of the excellent 
work done by Association committees 
on various specifications. 

The question of standardization is 
most important. In municipally owned 
utilities it is usually difficult to specify 
or purchase specific manufacturers’ 
products. Nevertheless, the advantages 
to be obtained, such as the reduction in 
the inventory of spare parts and the 
speeding up of repair work, warrant 
every attempt being made to follow this 
policy. In large cities, where the 
amount of material used justifies such 
a procedure, it might be found advis- 
able to have a city standard. At Win- 
nipeg, this has been done for hydrants, 
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and experience has proved it worth 
while. In small communities such a 
system is not practical, and the only al- 
ternative is for the water works super- 
intendent to try and persuade the 
governing authorities to limit his equip- 
ment to one or two makes. 

2. Inspection. The second factor is 
proper inspection of the actual construc- 
tion work. It is very important to have 
fully qualified inspectors in charge of 
the construction work as it proceeds 
in order to see that the plans and speci- 
fications are rigidly adhered to. The 
expense involved will pay fog itself 
many times over. Although all the re- 
newals and replacements are made by 
the water department, nearly all of 
the new construction work is done by 
the construction division of the engi- 
neering department. Nevertheless, it 
has been found advisable to have water 
works personnel act as inspectors on 
these jobs. 

3. Records. The importance of set- 
ting up and maintaining an adequate 
system of records cannot be overem- 
phasized. Such a system cuts down the 
time and reduces the cost of repairs 
and maintenance. It also reduces the 
possibility of claims. In main breaks, 
the city assumes no responsibility other 
than for negligence. A proper system 
of records goes a long way toward en- 
abling the department to carry out its 
work in such a fashion that it can es- 
tablish its efficiency in cases of claims 
in court. A proper system of records 
also prevents damage to other utilities, 
which is particularly important in cold 
climates where excavations are carried 
out in frost for seven months of the 
year. 

4. Planned maintenance. The saying 
“A stitch in time saves nine” is never 
more applicable than to water works 
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maintenance. The author is definitely 
of the opinion that a system of planned 
maintenance results in better service to 
the community and in the long run more 
than justifies itself from a dollars-and- 
cents point of view. 

5. Labor and equipment. Since the 
outbreak of the war there has been a 
shortage of labor, particularly in jobs 
calling for hard manual work under 
dirty, wet conditions, and no one can 
blame the men too much for disliking 
this work. In addition, the cost of labor 
has more than doubled in the last ten 
years., The only way to get the neces- 
sary amount of work done at a mini- 
mum expense is to use mechanical 
equipment whenever possible and to see 
that it is properly maintained. 

Although there is no closed shop at 
Winnipeg, the men can belong to one 
of three unions, which are recognized 
by the city council. An agreement ar- 
rived at by collective bargaining sets 
out the working conditions, including 
overtime pay, sick leave and holidays. 
This agreement also establishes a pro- 
cedure for dealing with grievances. On 
the whole, labor relations in Winnipeg 
have been conducted satisfactorily, re- 
sulting in excellent cooperation between 
labor and management. 

As the work in the water department 
calls for a number of specialized skills, 
the open labor market cannot be relied 
on to supply this need. Recognizing 
this fact, the department set up an ap- 
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prenticeship system in 1934. Young 
men under the age of eighteen, on com- 
pletion of their high school training, 
are taken into the department to serve 
a four-year apprenticeship. During 
this time they are trained in various sec- 
tions of the department so that at the 
end of their course they are generally 
familiar with the different jobs, and 
management has an excellent idea of the 
capabilities of the individual appren- 
tices. During the war it was impos- 
sible to obtain first-rate apprentices, but 
this practice has now been resumed and 
improved by adding a series of tests, 
used first of all as a basis for acceptance, 
and, second, to keep a check on the 
progress made. 

In the last analysis, the quality and 
quantity of work done by any organiza- 
tion is directly dependent on its labor 
forces. As already mentioned, there 
has been quite a change in labor con- 
ditions in the last ten years and manage- 
ment has to keep up with the times. 
In order to make the best use of me- 
chanical equipment it is necessary to 
have intelligent, well trained person- 
nel, Every effort should be made to 
see that the turnover of personnel is 
kept to a minimum. This can best be 
done by recognizing labor’s position in 
modern industry and giving the men 
a sense of contentment and_ security. 
They in turn will usually develop a 
pride in their work and feel that they 
are part of an important organization. 
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ECAUSE of the growth of the air- 

conditioning industry, water use 
by air-conditioning equipment has be- 
come increasingly significant. Some 
municipalities have been forced to in- 
voke restrictive measures; others may 
soon find they must take similar steps ; 
but still others may never find it neces- 
sary to follow this course. It is there- 
fore appropriate to take a clear view 
of the subject at this time in order to 
evaluate its importance and study cor- 
rective measures if applicable. 

The term “subject” is used rather 
than “problem” because the consump- 
tion of water by air-conditioning equip- 
ment is not necessarily a problem 
unless local factors make it one. A 
study of this water usage should be 
entirely local in scope, and since so 
many local conditions complicate or 
simplify the problem, this discussion 
will, of necessity, be held to generali- 
ties, with no attempt being made to 
recommend procedure for purely local 
situations. 


Condensers 


All air-conditioning systems employ- 
ing mechanical refrigeration require 
some means of cooling the compressed 
refrigerant gas in order to condense it 
back to the liquid state. One of the 
most popular methods is the use of the 
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A paper presented on Dec. 7, 1948, at the Southeastern Section Meet- 
ing, Augusta, Ga., by Lewis L. Barnes, Chief Engr., Carrier Atlanta 


air-cooled condenser, but unfortunately 
its overall efficiency is so low that it 
is not generally practical except in 
very small installations. 

On larger installations, it is quite 
common to use a water-cooled con- 
denser, employing the public water 
supply as the cooling medium. This 
device usually consists of a shell-and- 
coil type of heat exchanger, with water 
passing through the coil and cooling 
the refrigerant gas which comes in 
contact with the outside of the coil. 
In this process, the temperature of the 
water is raised to a point at which it 
is no longer useful as a cooling agent 
and must be rejected in favor of water 
at a lower temperature. There is ob- 
viously a continuous flow of water 
through the condenser while the equip- 
ment is in operation, amounting to ap- 
proximately 1.5-2.5 gpm. per com- 
pressor horsepower at full load. It is 
apparent that this method can result 
in the wasting of large quantities of 
water which has undergone no other 
change than that of a 15-20°F. rise 
in temperature. For example, a 10-hp. 
air-conditioning compressor, using city 
water at the rate of 2.0 gpm. per horse- 
power, consumes 20 gpm., 1,200 gph. 
and 9,600 gal. or 1,270 cu.ft. per eight- 
hour day. These figures may not be 
impressive to those accustomed to 
thinking in terms of millions of gal- 
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lons per day, but with a multiplicity 
of installations, the water consumed 
can become a significant load on the 
city water mains. Whether this load 
is desirable or undesirable depends on 
local conditions, but it must be borne 
in mind that it generally occurs during 
the summer months and may coincide 
with other peaks. 

The air-conditioning installation just 
described is relatively low in initial 
cost to the owner, but, depending on 
local water rates, could be quite ex- 
pensive to operate because of the high 
water consumption. Installations of 
this type are usually equipped with an 
automatic water-regulating valve to in- 
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sure against using more water than is 
required under less than the maximum 
load. It has been the author’s experi- 
ence that these valves are adequate for 
adjusting water flow to meet load con- 
ditions but should not be relied on to 
effect complete closure during shut- 
down periods. It must not be over- 
looked that, in certain localities, the 
disposal of waste condenser water con- 
stitutes just as great a problem as does 
the supply of this water in other locali- 
ties. 

The wasting of condenser water 
could sometimes be objectionable on 
account of inadequate supply or dis- 
posal facilities, high costs, high initial 
temperatures, poor chemical character- 
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istics and other factors. It is well to 
consider, therefore, some of the most 
common means of combating this 
problem. 


Conservation Devices 


The water-cooled condenser described 
previously can be used in conjunction 
with a cooling tower or spray pond, 
which, if properly designed and_ in- 
stalled, can recapture approximately 95 
per cent of the water otherwise wasted. 
This saving is accomplished by re- 
cooling the warm water discharged 
from the condenser and returning it 
to the condenser by means of a circu- 
lating pump. 
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The atmospheric cooling tower 
(Fig. 1) depends entirely on natural 
wind and air currents to cool the con- 
denser water effectively. It is suitable 
for location only in places where free 
and unobstructed air flow is available. 
Many installations of this type have 
failed to produce the desired results 
because the tower was located in a 
light court or on the lee side of some 
obstruction. 

The induced-draft cooling tower 
(Fig. 2) is equipped with a motor- 
driven fan to create its own draft. 
This type can be located in many posi- 
tions which would be unsuitable for the 
atmospheric tower, but obviously its 
initial cost is greater. 
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The spray pond (Fig. 3), commonly 
used as a water conservation device, 
has certain advantages as well as dis- 
advantages when compared with cool- 
ing towers. Job conditions should 
govern the choice. 

The cooling towers and spray pond 
will perform the desired task of water 
cooling with varying degrees of effi- 
ciency, depending on local conditions. 
They are all readily suitable to existing 
water-cooled installations, with the 
adaptation usually consisting of simple 
piping changes and the addition of a 
circulating pump. It should be remem- 
bered that the addition of the water- 
circulating pump will increase the use 
of power, a fact which must be consid- 
ered when evaluating operating costs. 
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The evaporative condenser (Fig. 4) 
is one of the most efficient means of 
condensing with minimum water re- 
quirements. In this device, the re- 
frigerant gas is cooled directly by a 
combination of air and spray water 
passing over the condensing coil. Only 
one heat transfer is necessary (gas to 
water and air), as contrasted with the 
cooling tower or spray pond, which 
require two heat transfers (gas to wa- 
ter, and water to air). The evapora- 
tive condenser is very compact and 
frequently can be placed in locations 
which are not practical for cooling- 
tower installations. On new installa- 
tions, the evaporative condenser com- 
pares favorably in first cost with 
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cooling towers and spray ponds. If 
water-conserving equipment is to be 
applied to existing water-cooled equip- 
ment, the cooling tower is usually 
cheaper than the evaporative condenser, 
in that the tower installation continues 
to utilize the existing water-cooled 
condenser. 


Conclusion 


The foregoing is intended to fa- 
miliarize the reader with the basic 
equipment generally used in air con- 
ditioning. It has been shown that 
there are means which can be employed 
to reduce materially the amount of 
city water consumed by an air-condi- 
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tioning system. The owner and the 
designer of the system must decide 
which type of equipment to use, basing 
their selection on several considera- 
tions, including the economics of first 
cost versus operating cost, the avail- 
ability and cost of water and power, 
space limitations, accessibility, mainte- 
nance cost and architectural appear- 
ance. These items vary for each job 
and for each locality. 

From the viewpoint of those in the 
business of supplying water, the sub- 
ject can be summarized by stating that : 

1. The water load imposed by air- 
conditioning equipment can be attrac- 
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tive to those systems which have ample 
water for sale during the summer 
months. 

2. This load can be unattractive to 
those systems which have a deficiency 
of water in the summer if the return 
from water sales will not justify addi- 
tional investment in plant or distribu- 
tion facilities. 

Water systems which cannot stand 
this load imposition must work out the 
problem through local channels. Some 
cities have been forced to invoke re- 
strictive ordinances to prohibit the 
indiscriminate wasting of water. All 


ordinances of this nature should be 
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flexible enough to prevent undue hard- 
ship when the installation of water- 
conserving equipment is impractical, as 
it might be for the tenants of office 
buildings, for example. Some thought 
should be given to the possibility of 
instituting demand charges to compen- 
sate for the standby facilities when no 
water is being used. It must be real- 
ized that restrictions placed on only 
one class of user are discriminatory 
and can become very unpopular. In 
general, however, the users and in- 
stallers of air-conditioning equipment 
will be sympathetic and cooperative in 
planning the solution to these problems. 


An extract from the March 1949 issue of 
“Michigan Water Works News” (9:2:9), 
gssued by the Div. of Eng., Mich. Dept. of 
Health, 


The need for properly located valves 
and routine valve inspections at frequent 
intervals was very vividly brought to our 
attention recently, when in the office of 
a city water superintendent. A hydrant 
barrel had been broken off a few days 
previously and plans had been laid to 
repair it. Unfortunately, there was no 
valve in the hydrant leg; therefore, it 
necessitated taking out of service mains 
for one block on each side of the hydrant. 
Customers along these two blocks had 
been informed that the water would be 
off a couple of hours. One of the three 
valves which was to be closed did not 
hold; therefore, it was necessary to go 
back another block. Soon calls were 
being received from consumers several 
blocks outside the supposedly affected 
area that they had no water. It was 
entirely unexplainable; however, calls 
continued to increase. Finally, upon in- 
vestigation, it was found that a valve 
was closed on the line which was sup- 
posed to have rerouted the water to the 
area from which the calls were being 
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received. It was recalled that a couple 
of years ago the stem on this valve had 
either been bent or broken with the valve 
in the closed position and had never been 
repaired. With the pressure back on 
the system, calls were received about red 
water, which was to be expected after 
the way the water had been changing 
direction for an hour or so. This very 
same embarrassing situation could happen 
at many of our towns throughout the 
state. The important thing is that we all 
profit by this experience and not be too 
sparing on valves when new main ex- 
tensions are made and particularly that 
we install valves on all hydrant legs. 
The program must not stop here, though, 
since a valve is no good whatsoever if 
it has not been operated in years and will 
not seal properly or cannot be closed for 
some other reason. It is imperative that 
a routine inspection at frequent intervals 
be made of all valves. It is equally im- 


portant that the exact location of each 
valve be known and adequately referenced 
to permanent objects, and that informa- 
tion be available as to whether it is a 
right- or left-hand valve, as well as the 
number of turns required to open or close 
it. 
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A New Method of Odor Control 
By D. B. Williams 


A contribution to the Journal by D. B. Williams, In Charge of Purif., 
Brantford Water Works, Brantford, Ont. 


This paper is based upon 


the author's experiences in the treatment of the Grand River water 


at Brantford, Ont. 


This stream not only receives municipal wastes 


but also is adversely affected by wastes from textile mills, synthetic 


plastics and other industries. 


Irregularities in the discharge from an 


impounding reservoir on the watershed complicate the control of 


water treatment. 


ROM observations at Brantford, 

Ont., and also from papers dealing 
with free residual chlorination in other 
areas, it is increasingly apparent that 
formation can become nitrogen trichlo- 
ride (NCI) a serious hindrance to 
free residual chlorination. The aca- 
demic literature disposes of the sub- 
ject of NCI, formation in water by the 
statement that it will not occur unless 
the pH of the water is 4.4 or less. In 
the light of present knowledge, this as- 
sertion is true of combined residual 
chlorination but is not true for alkaline 
waters high in nitrogenous matter 
where free chlorine residuals are main- 
tained. 

As the literature on NCI, formation 
and removal in water works practice is 
rather meager, the author offers this 
paper with the hope that the informa- 
tion contained in it will be of value to 
others who have experienced difficulties 


with NCI,. 
Sudden Appearance of NCl., 


Free residual chlorination plus de- 
chlorination by sulfur dioxide to a 
l-ppm. free chlorine residual had been 
in practice at the Brantford plant for 


several months without NCI, forming. 
For a two-week period brief flashes of 
a “chlorinous odor” were noticeable at 
the plant, leading the author to suspect 
NCI, formation. However, in view of 
statements in the literature, together 
with the fact that the raw water had a 
pH of 8.0-8.5, it was felt that NCI, 
could not possibly form under the pre- 
vailing conditions. Suddenly, in March 
1948, the entire plant was filled with a 
very pungent “geranium type” odor. 
Furthermore, this odor was objection- 
ably noticeable whenever a tap was 
turned on in any part of the distribu- 
tion system. Though not absolutely 
sure, the author strongly suspected 
This suspicion was confirmed 
by Robert Van Burek, Dist. Mgr., 
Wallace & Tiernan Co., who, being 
engaged in the production of NCI, in 
other industries, readily identified it. 

Should the water works operator be 
unfamiliar with NCI, and yet feel that 
it is forming in his plant, the following 
simple identification procedure will be 
of value : 

1. To flask A of 500-ml. capacity add 
250 ml. of water suspected to contain 


NC). 


q 
~ 
4 
j 
4 
‘ 
ge : 


442 D. B. WILLIAMS 


2. To flask B, also of 500-ml. ca- 
pacity, add 250 ml. of distilled water 
plus a few crystals of ammonium chlo- 
ride (NH,Cl). To this dilute NH,Cl 
solution, add just sufficient chlorine 
water (from a chlorinator water tray, 
if necessary) so that a small portion of 
the sample separately treated with 
ortho-tolidine indicates the presence of 
free Cl, (ortho-tolidine flash proce- 
dure ). 

NCL, will always form under the con- 
ditions in flask B. Therefore, by shak- 
ing both flasks vigorously and then 
sniffing the resultant odors, positive 
identification of the presence or absence 
of NCL, in flask 4 is obtained. If the 
concentration of NH,Cl and free Cl, is 
too high, the resulting concentration of 
NCI, will be far higher than is met with 
in the most aggravated instance in gen- 
eral practice and nence ready recogni- 
tion may not follow. The worker 
should use NH,Cl and Cl, sparingly in 
flask B. It should be realized that the 
odor of NCI, seems to vary rather 
widely in nature, depending on its con- 
centration and temperature. Thus, 
although the author generally describes 
the odor as being of a geranium type, 
many others classify it differently. Of 
importance is the fact that some prac- 
tice with this procedure leads to posi- 
tive identification of Depending 
on the concentration of NH,Cl and Cl, 
in flask 2, NCI, may take less or more 
than ten minutes to form. Both flasks 
should be stoppered throughout the ex- 
periment except during brief odor ob- 
servation. At the termination of the 
observations (half an hour) flask PB 
should be thoroughly washed out with 
tap water to obviate the possibility of 
an explosion due to NCI,. 

Following positive NCI, identifica- 
tion at Brantford, laboratory work 
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showed that the addition of ammonia 
suppressed the odor of NCI. Un- 
fortunately, in plant practice this re- 
quired a concentration of ammonia high 
enough to make the finished water pink 
to phenolphthalein. Although the NCI, 
as such was removed, this treatment 
merely exchanged a volatile and quickly 
dispersed odor for a decidedly objec- 
tionable taste. 

Partial dechlorination with sulfur di- 
oxide prior to the addition of ammonia 
was no better. As both procedures 
were unwieldy and impractical, they 
were abandoned. The temporary an- 
swer was dechlorination to a very low 
residual (0.05 ppm.), a procedure em- 
ployed from March to November 1948. 
Under such operation, the magnitude 
of the residual permissible to prevent 
NCL, from being objectionab'e will vary 
according to the temperature of the 
water and the concentration of NCI. 
present. To meet differing conditions, 
this low residual was found necessary 
at Brantford. 


Laboratory Study 


With dechlorination to a low residual 
a good temporary expedient, a labora- 
tory study of NCL, formation and its 
subsequent removal was then made. 

Since NCI, is the result of a reac- 
tion between free Cl, and nitrogenous 
compounds, an investigation of the 
forms of nitrogen in the raw water 
seemed of first importance. This re- 
sulted in the finding of free ammonia, 
protein matter (loosely termed albu- 
minoid ammonia), nitrites and nitrates. 

The chlorination of solutions of ni- 
trite and nitrate salts (NaNO, and 
KNO,) to a free chlorine residual 
showed that nitrites and nitrates do 
not react with free Cl, to produce 
NCI,. 
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The reaction between “free” and “al- 
buminoid” NH, and free Cl, was 
studied by separating these two forms 
of nitrogen by means of an ammonia 
distillation apparatus. The free NH, 
would be in the distillate and the albu- 
minoid NH, would remain in the resi- 
due. After diluting these two frac- 
tions, separately, back to the original 
sample volume and then chlorinating 
both to obtain a free chlorine residual, 
it was found that both formed NCI,. 

A. E. Griffin, Tech. Director, Wal- 
lace & Tiernan Co., rightly criticized 
the chlorination of the free NH, frac- 
tion since it was essentially in distilled 
water (with a pH less than 7), a con- 
dition always tending to result in NCI, 
formation. Refinement of this experi- 
ment by raising the pH of this distillate 
to definitely alkaline conditions—using 
lime water or sodium carbotiate—and 
then chlorinating to a free chlorine 
residual still resulted in NCI, formation. 

There was no criticism of the chlori- 
nation of the “albuminoid NH,”  resi- 
due since alkaline conditions were at 
all times present because of the natural 
alkaline salts remaining in the residue. 

The possibility of concentrations of 
low pH at the point of chlorine appli- 
cation in the plant was ruled out by 
chlorinating samples above the break- 
point in the laboratory, employing rapid 
stirring and dilute chlorine water. 
This procedure was repeated using 
highly alkaline hypochlorite solution. 
In both experiments, NCI, formed 
above the breakpoint. On account of 
the ready volatility of NCI,, this work 
was performed in stoppered flasks. 

It is urged that, when running a 
series of samples for chlorine demand 
investigations, the work be performed 
in glass-stoppered bottles. The “open- 
beaker” technique permits NCI, to dis- 
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perse at low concentrations as rapidly 
as it is formed, possibly leading the 
worker astray later. In closed bottles 
the NCI, remains very apparent, and 
the worker can expect it to form under 
similar conditions in his plant. 

In the experiment with free NH,, 
it was noticed that the addition of Cl, 
above the breakpoint resulted in an 
early formation of NCI,, generally after 
not less than ten and not more than 
twenty minutes. On the other hand, 
with albuminoid NH,, the NCI, usually 
requires at least two hours to form, and 
often longer. It should be noted that 
the higher the free chlorine residual is 
above the breakpoint (or the higher the 
free chlorine residual), the quicker will 
be the formation of NCI, from albu- 
minoid NH,. 

Adding chlorine water gradually was 
tried on raw water, on alkaline-free 
NH, distillates and on albuminoid NH, 
residues. In all these tests, the NCI, 
formed as soon as a free Cl, residual 
was present. 

The theory that chlorination just to 
breakpoint level will produce a water 
virtually free of combined available 
chlorine, free available chlorine and 
NC, has been substantiated in labora- 
tory work. Because of the great varia- 
tion in the free and albuminoid NH, 
content of Brantford’s two sources of 
raw water, coupled with the highly 
variable pumpage, true breakpoint op- 
eration is impractical in the plant, so 
that this theoretically desirable method 
of preventing NCI, formation could not 
be used. Morever, best results are 
obtained at Brantford when operating 
with a 2-ppm. free chlorine residual. 
Therefore, it was soon apparent that 
NCI, was a major problem to be faced 
if the procedure of free residual chlori- 
nation was to be continued. 
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Activated Carbon 


Laboratory work shows that the use 
of activated carbon is an _ excellent 
method of removing NC, if the plant 
design and general operating conditions 
are favorable. The author understands 
that activated carbon is used in a num- 
ber of plants elsewhere for this purpose, 
giving the desired results. 

D. C. Colebaugh, of the West Vir- 
ginia Pulp and Paper Co., spent a week 
at the Brantford plant in July 1948 
working with the author on the removal 
of NCI, by carbon. At that time labo- 
ratory and plant results showed that 
NCI, can be removed by the application 
of 5-15 ppm. carbon at a cost in Cana- 
dian funds of approximately $30 to $70 
per 24 hours. Following Colebaugh’s 
visit, the author continued to operate 
the plant in this carbon dosage range, 
meeting with two serious objections to 
the use of carbon for eliminating NC1,. 

The first difficulty is that, although 
the Brantford plant can operate above 
the 15-ppm. dosage successfully for a 
few days, continued operation at such 
a level results in carbon passing the 
filters, producing black water in the 
city. Finally, it was found that any 
dosage of carbon above 1 ppm. was 
objectionable on these grounds under 
conditions of continued application. 
This situation is not the fault of the 
carbon but is rather a matter of in- 
adequate design for coagulation, result- 
ing in an inability to hold carbon on the 
filters where it is at its best in NCI, 
removal. 

Further work also showed that as 
the summer progressed the free NH, 
(which forms NCI, quickly with Cl,) 
decreased, while the albuminoid NH, 
(forming NCI, slowly with Cl.) in- 
creased. Consequently, very little NCI, 
was formed ahead of the filters, whereas 
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the reaction between free Cl, and albu- 
minoid NH, produced copious amounts 
of NCI, after filtration. It should be 
realized that carbon in the 5-15-ppm. 
dosage range successfully removed the 
NC, but still permitted a high level 
of free chlorine to pass the filters. This 
high level of free Cl, plus unreacted 
albuminoid NH, produced post-filter 

It became apparent from this work 
that to use carbon successfully, struc- 
tural changes must be made to improve 
coagulation and to hold free chlorine 
in contact with the water longer prior 
to filtration. Carbon cannot presently 
be employed for NCI, removal. 


Aeration 


J. F. MacLaren, of Gore & Storrie, 
Toronto, who was interested in, seeing 
aeration experimented with for other 
possible uses, suggested its trial in 
eliminating NCI,. On a laboratory 
scale, NCI, removal by aeration is 
very promising and, in fact, is used 
with varying degrees of success at sev- 
eral plants. 

A plant trial of aeration was made 
using 20 cfm. of air, the average pump- 
age at the time being 5 mgd. (Imp.). 
The air was diffused up through the 
water from sewage type diffuser plates. 
It was obvious that some NCI, was 
being removed by aeration but the total 
improvement was negligible. It has 
been estimated that approximately 1,000 
cfm. will be required for complete suc- 
cess. To install sufficient aeration a 
capital outlay of approximately $20,- 
000 would be required. With other, 
more pressing capital outlays imminent 
and a serious provincial power short- 
age, the use of sufficient aeration for 
NCI, removal is temporarily not avail- 
able to Brantford. Operating costs 
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alone—not including capital outlay, 
maintenance and depreciation—would 
be approximately $20 a day for 1,000- 
cfm. aeration. 

Furthermore, although it is desired 
to send out a free chlorine residual 
stripped of NCI,, it has been found that 
even with long retention at high free 
chlorine levels all the albuminoid NH, 
has not been completely reacted by the 
time it reaches the proposed aeration 
point. It is apparent that, while suf- 
ficient aeration would remove all NCI, 
formed up to that point, some albu- 
minoid NH, remaining in the outgoing 
water could continue to react with the 
free Cl, residual, thus generating addi- 
tional NCI, in the distribution system. 

Recent laboratory work shows that 
the retention time with free chlorine 
needed to remove all of the protein 
matter in the water will be days instead 
of hours. This fact may always make 
it impossible to send out a free Cl, 
residual. 


Basic Reactions Involving NC1l, 


Griffin (1), in an important paper on 
chlorine and ammonia, discusses cer- 
tain analytical considerations which dis- 
close that the gas NCI, is reduced to a 
soluble form of ammonia by sulfur di- 
oxide (SO,). This phenomenon pro- 
vides an explanation of several labora- 
tory observations : 


1. NCI, may be removed successfully 
by dechlorinating almost to a zero re- 
sidual, because the NCI, is reduced to a 
tasteless, odorless form of ammonia. 
Unfortunately, this method does not 
permit sending out a chlorine residual 
and therefore is not a desirable proce- 
dure. Postchlorination following NCI, 
reduction by SO, only regenerates 
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2. The use of carbon or aeration can 
successfully eliminate NCI, formed 
after free residual chlorination and 
prior to dechlorination with SO,. The 
reason is that NCI, is present as a gas 
and is readily removed by sufficient air 
or carbon. 

3. Aeration and carbon are not able 
to remove soluble ammonia salts from 
water; hence, the use of air or carbon 
prior to free residual chlorination will 
not prevent subsequent NCl, forma- 
tion. The same is true of air or carbon 
applied following complete dechlorina- 
tion with SO,; the ammonia is in a 
soluble form and postchlorination re- 
forms NCI,. To remove NCI, suc- 
cessfully, aeration and carbon must be 
applied following free residual chlorina- 
tion and prior to partial dechlorination 
with SO, if it is desived to send out a 
free Cl, residual stripped of NC1,. 

4. The generation of NCI, by a reac- 
tion between nitrogenous compounds 
in water and free chlorine, and its sub- 
sequent reduction to a form of ammonia 
by SO,, is a reversible reaction which 
may be made to proceed in either direc- 
tion at will by alternate additions of 
free Cl, or SO,. 


In addition, certain other facts are 
worth recording : 


1. NCI, is quite volatile and may 
readily escape into the atmosphere in 
plants where coagulation basins and 
reservoirs are open to the air. The re- 
tention time is all-important. 

2. Sunlight destroys NCI, readily, 
although this fact is of no help at night 
and of only partial value on dull days. 
As the Brantford plant is completely 
“closed,” the volatility of NCI, and its 
susceptibility to sunlight provide no ad- 
vantage, although these characteristics 
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are of some apparent benefit at other 
plants. 

3. On prolonged storage of water in 
which some albuminoid NH, remains, 
the free Cl, is used up. It has been 
found that, under these conditions, the 
disappearance of free Cl, is coincident 
with the disappearance of NCI,. The 
author has proposed the possibility that 
during prolonged storage NCI, can re- 
act with some remaining nitrogenous 
matter, thereby being converted to 
something other than NCI,. The speed 
of this reaction is naturally greater in 
warm summer water, but even at the 
higher temperatures, to remove NCI, 
by storage would require a phenome- 
nally long retention time. 

4. The reactions between free NH, 
and Cl, beyond the breakpoint to pro- 
duce NCI, are for all practical purposes 
complete within one hour, whereas al- 
buminoid NH, and free Cl, continue to 
react for hours (and even days, if suf- 
ficient free Cl, is present) to produce 
NCI,. 

5. Little or no NCI, is formed in the 
early stages of the Brantford plant 
when free NH, is below 0.05 ppm. as 
N, but recently copious NCI, formation 
has been noted in the later stages of 
the plant, with a relatively low albu- 
minoid NH, of 0.11 ppm. as N in the 
virtual absence of free NH,. 

When free NH, is present to the ex- 
tent of 0.10-0.25 ppm. as N, the forma- 
tion of a heavy concentration of NCI, 
takes place in the early stages of the 
plant and is later supplemented by more 
NCI, from albuminoid NH,. 

In the complete absence of free NH, 
(a late-summer condition), the appar- 
ent concentration of NCI, in the later 
stages of the plant is dependent on the 
degree of free residual chlorination and 
the amount of albuminoid NH, present 
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in the raw water. Since its first ap- 
pearance in March 1948 the NCI, has 
always been present in objectionable 
concentrations at the later stages. No 
explanation of why NCI, was not ap- 
parent prior to March 1948 under free 
residual chlorination is offered, but its 
cause under present conditions is 
known. 

Faced with all of the foregoing in- 
formation, Brantford temporarily dealt 
with NCL, by dechlorination with SO, 
to a near-zero residual from March 
1948 to mid-October 1948. 

With the exception of dead ends, this 
procedure was generally very success- 
ful. However, in late October 1948 
intense aftertastes appeared in the dis- 
tribution system and caused complaints, 
even though the water leaving the plant 
was quite satisfactory. These tastes 
would be apparent for only brief pe- 
riods in high-flow areas but persisted 
for two or three days in areas of low 
flow. Careful checking showed that, in 
trying to keep NCI, from being notice- 
able by dechlorinating to a low residual, 
an excess of SO, was being sent out for 
brief periods (in the absence of auto- 
matic equipment ), thus causing or per- 
mitting the formation of aftertastes of a 
“medicinal” type. 

It was obvious that continuance of 
this practice would raise serious objec- 
tions on account of the tastes whereas 
reduction of the SO, dosage to permit 
a free Cl, residual would eliminate the 
tastes but restore the NCI, odors. It 
should be mentioned that the tastes in 
the system were spotty and of brief 
duration, while the NCI, odor would 
be general and would continue. 

Since any kind of chlorine residual 
would prevent the tastes, the problem 
was how to maintain such a residual 
free of NCI,. On November 3, 1948, 
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the author suggested a procedure by 
means of which the plant could continue 
to use free residual chlorination, re- 
move NCI, by conversion and send out 
a chloramine residual to prevent after- 
tastes. The laboratory work and plant 
operation involved in what the author 
believes to be a new method of dealing 
with NCI, are described below. 


NCl, Removal by Conversion 


River samples were chlorinated well 
beyond the breakpoint, copious NCI, 
formation resulting. Complete dechlo- 
rination to zero Cl, residual followed, 
reducing all NCI, to a soluble form of 
ammonia. The addition of Cl, at this 
point would have naturally regenerated 
the NCI,. Instead of adding Cl,, the 
ammonia from the NCI, reduction was 
fortified by the addition of more am- 
monia. Next free chlorine was added 
in such concentration that it would be 
substantially below the “breakpoint 
level” induced by the sum of these am- 
monias. This resulted in a combined 
chlorine residual—a_ chloramine—en- 
tirely free of NCI,. By insuring that 
the postchlorination dosages were main- 
tained below the breakpoint levels set 
up by the total ammonias (a normal 
chloramination procedure) no NCI, 
was formed and yet a simple means was 
provided of sending out at least a 
chloramine residual, to prevent after- 
tastes. 

Repeated laboratory trials always 
gave the same successful results, war- 
ranting a plant trial. 

Plant-scale operation of this process 
started November 20, 1948. Free re- 
sidual chlorination ahead of the mix- 
ing chamber was continued permitting 
water containing a high level of 100 
per cent free chlorine plus NCI, to pass 
through the coagulation basins, filters, 
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clear well and storage reservoir. The 
SO, is discharged to the water at the 
exit from the reservoir. At the end of 
the pipe from the reservoir to the pump- 
room, a pump withdraws samples to 
insure zero Cl, and zero NCI,, the SO, 
feeding equipment being adjusted ac- 
cordingly. The water then enters a 
small concrete chamber into which am- 
monia gas is applied. Leaving this 
chamber the water flows into the pump 
well where sufficient Cl, is added to 
produce a true chloramine residual free 
of NCI,. Summarizing, the process 
consists of four steps: 


1. Free residual chlorination (super- 
chlorination for a considerable period to 
oxidize phenols and other taste- and 
odor-producing substances), carrying 
with it the burden of NCI. 

2. Complete dechlorination by SO, to 
zero chlorine residual reducing all NCI, 
to ammonia. 

3. The fortification of this ammonia 
by additional ammonia. 

4. A postchlorination dose added to 
these ammonias to form a highly stable 
residual completely free of NCI,. 


It is apparent that in all water works 
where free residual chlorination is 
found to be necessary but where NCI, 
is a serious cause of complaint, the 
total removal of NCI, may be ac- 
complished by the simple application 
of dechlorination with SO, followed 
by the equally simple application of 
the well known ammonia-chlorine proc- 
ess. The author realizes that the ad- 
dition of ammonia following free re- 
sidual chlorination has often been 
made for the purpose of sending out a 
chloramine residual. However, the 
novelty of the present method lies in 
the complete dechlorination to remove 
NCI, and the subsequent addition of 
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ammonia and chlorine to provide a 
residual in a manner preventing NCl, 
from leaving the plant. 

Plants experiencing NCI, formation 
in acid waters are encouraged to 
try the above procedure rather than 
give up free residual chlorination for 
some other method. In this regard, it 
has been shown that free Cl, residuals 
increase in activity as the pH de- 
creases; hence free residual chlorina- 
tion at a low pH should be even more 
efficacious in acid waters than in the 
alkaline supply at Brantford. Should 
the pH be so low (4.4 or less) that the 
addition of a chloramine residual, fol- 
lowing complete dechlorination with 
SO., permits NCI, formation, the rais- 
ing of the pH between SO, applications 
and the addition of NH, and Cl, after- 
ward would be called for. Such an acid 
water would in any event require alka- 
line additions for corrosion control. 


Evaluation of Process 


From the beginning, purely as a 
chemical process, the author’s NCI, re- 
moval method worked — successfully, 
sending out a chloramine residual free 
of NCI, regardless of high or low con- 
centrations of NCI, in the plant water. 
It is suggested that this procedure may 
take its place alongside carbon and 
aeration for NCI, removal; moreover it 
appears to be more flexible and more 
economical than these other methods. 

The mechanical difficulties which 
have occurred were not insurmountable 
and have been or are being corrected. 

Erratic prechlorination to too high 
a level for brief periods makes neces- 
sary frequent adjustment of the SO, 
feeding equipment. The installation of 
a chlorine residual recorder and an 
alarm system is planned to smooth out 
this condition. 
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Too low a dosage of SO, will permit 
some NCI, to pass the dechlorination 
point and thereafter nothing can stop 
it. With smoother chlorination plus 
automatic SO, feed control based on 
pumpage, this condition will be re- 
moved. 

Too high a dosage of SO, can reduce 
the following chloramine residual to 
zero, permitting undesired excess SO, 
to go out. This will be corrected as 
above. 

Generally these conditions happen 
very infrequently under manual opera- 
tion, a fact which is a tribute to the 
careful attention given by the operators 
to this process. Control of the entire 
process is relatively simple. Free re- 
sidual chlorination is adjusted by the 
flash (five-minute) ortho-tolidine tech- 
nique. Dechlorination control is also 
carried out by the use of ortho-tolidine. 
As a new operator comes on shift, he 
gradually decreases the SO, dosage un- 
til a faint residual is perceptible and 
then raises the dosage 5 Ib. Through- 
out the shift the operator then main- 
tains sufficient SO, feed to give a pre- 
cise zero residual following the point 
of SO, application. 

Even with variable pumpage, the 
ammonia-chlorine additions are not 
troublesome. A 1:2 ratio of NH, to Cl, 
was established after trying a 1:4 and 
1:3 ratio. The ammonia feeder usually 
runs in the 12-15 lb. per day range, 
with the chlorinating apparatus deliver- 
ing 24-30 Ib. The dosage could actu- 
ally be left constant, giving a final re- 
sidual of 0.2 to 0.4 ppm. chloramine. 
The ammonia-chlorine addition is so 
untroublesome that a high outgoing 
residual immediately warns the opera- 
tor of free Cl, and NCI, passing the 
dechlorinating point. The reverse is 
true of excess SO, ; hence, the ammonia- 


| 
AX 


chlorine treatment requires very little 
adjustment, whereas close observation 
of dechlorination is all-important. On 
several occasions when the NCI, was 
very pronounced in the reservoir, this 
process has been purposely thrown out 
of balance for fifteen-minute trials to 
test its efficacy. When the SO, was cut 
off, while continuing the ammonia- 
chlorine application, the NCI, passed 
right through. With the SO, normal 
(reducing NCI,), the NH, cut off and 
postchlorination continued, NCI, was 
regenerated by the chlorine. Restoring 
the SO, and ammonia-chlorine applica- 
tions to normal, no NCI, resulted and a 
chloramine residual was present. 

This process immediately eliminated 
the aftertaste flareups in the high-flow 
areas and is pushing ovt into the areas 
of low flow and dead ends, bettering 
conditions there. 

Since the process has been in use two 
floods have occurred, as a result of 
which the free NH, increased in the 
raw water, causing very high concen- 
trations of NCI,—far higher than at 
any previous time. It is worth noting 
that this procedure was continued quite 
successfully. Not only does it operate 
successfully under varying concentra- 
tions of NCI,, but it works just as well 
when the NCI, is entirely due to al- 
buminoid ammonia-chlorine reactions, 
as in a mixture of free NH, and al- 
buminoid NH, with Cl.,. 

Assuming that prechlorination and 
dechlorination equipment is already on 
hand, this procedure requires only the 
installation of an ammonia feeder and 
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postchlorinating apparatus. Originally 
the ammonia and postchlorination costs 
were on the order of $3.50 per 24 hours. 
Now, with the installation of a Wallace 
& Tiernan automatic sulphonator, this 
cost has been reduced to $1.50 a day. 
Even with the use of either carbon or 
air for NCI, removal, SO, would still 
be needed for partial dechlorination. 
Therefore, only part of the SO, can be 
rightly charged to this process. On 
this basis, the SO, costs for the process 
are approximately $3.00 a day. ‘The 
total cost for NCI, removal may be 
stated as approximately $4.50 per day. 
If the cost of all of the SO, used were 
charged to the process, the total cost 
would only be $10.50 a day. 

High flexibility, low cost of opera- 
tion, low capital outlay, simplicity in 
operation and small space required for 
equipment are all desirable features of 
this process. 
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Amendments to A.W.W.A. By-Laws 


The following amendments to Article Il (Admission and Expulsion) 
of the Association’s By-Laws were approved by the Board of Directors, 
by letter ballot, as of February 21, 1949: 

The second paragraph of Section 2.1 is changed to read: 


Applications for Associate Membership shall provide adequate infor- 
mation concerning the ownership, corporate structure and financial stand- 
ing of the applicant; and the experience of the customers in the water 
works industry with the applicant firm. When such information has been 
received by the Secretary, he shall refer it to the Executive Committee of 
the Board for consideration and approval or rejection. The Executive 
Committee shall establish such detailed criteria for Associate Membership 
as it deems necessary to the discharge of this duty. These criteria, when 
approved by the Board, may be, in the case of failure of a member to 
continue satisfactory business practices, the basis for expulsion from 
membership under the terms of Section 6 hereinafter. 


This means that the A.W.W.A. office will be required to obtain from all 
applicants for Associate Membership information concerning the business 
activities of the applicant as indicated in the first sentence of the above 
By-Laws subsection. It further means that when the information has been 
received, it will have to be referred to the Executive Committee; and, not 
until the Executive Committee has approved the application, will it be 
possible for the Secretary to include such an application in the list of 
names to be voted upon by the officers and directors. This procedure will 
delay the processing of applications for Associate membership. 

The closing paragraph of Section 2.1 is transferred to Section 2.2, which 
will now read: 


2.2. Applications shall be forwarded by the Secretary to the Board tor 
approval when the above conditions have been met. An affirmative vote 
of a majority of the Board shall elect and the applicant shall become a 
member when his annual dues shall have been paid. 


Section 3 is changed to read: 


No member whose dues are in arrears for three months shall receive 
the publications of the Association until such arrears are paid. Members 
in arrears for one year shall be automatically dropped by the Secretary 
from the list of members. 


This means that members of the Association whose dues remain unpaid at 
the end of March will not receive copies of the JouRNAL or other official 
publications of the Association until their dues are paid. Heretofore the 
credit period was extended to the end of April. 
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Foreword 


The Water Purification Division of the American Water Works Association, act- 
ing in its field of routine activities, in 1932 organized a committee to develop specifica- 
tions and methods of testing zeolites used in water treatment. A “Tentative Manual 
of Zeolite Test Procedures” was approved and published in 1943. The committee has 
been continued under the chairmanship of D. E. Davis and in 1948 submitted a series 
of revisions to the text of the Manual. The title of the earlier document has been 
changed to: “Tentative Manual of Cation Exchanger Test Procedures.” 

The committee feels that, since the main body of the Manual has been used quite 
extensively in the trade and has been sufficiently discussed, its acceptance as a perma- 
nent standard is warranted. Items about which opinion is still in a state of flux, how- 
ever, have been included as an Appendix to the document. 


Personnel of Committee 


D. E. Davis, Chairman H. M. OLson 
D. E. CHASE M. J. SHOEMAKER 


Technical Advisory Committee 


A. S. BEHRMAN FE. R. MUELLER 
E. S. Hertzoc OLIver C. RALSTON 
F. K. Lirnpsay H. L. Ticer 


zeolites and special chemical consultants. 


W. W. AULTMAN E. H. Guernsey 
C. L. BAKER C. P. Hoover 
S. J. BRopERICK H. E. 
A. M. Buswetu F. W. SMITHERS 


X. E. WAGNER 


C. CALMON 
P. C. Goetz 


The above committee has the counsel of a technical advisory group (listed 
below), made up of representatives of the producers of the various types of 
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(Ion-Exchange Materials—Cation Exchangers Operating on the 


Section 1—Scope 
Sec. 1.1—Sodium Cycle Only 


The term “cation exchanger,” as 
hereinafter used in this “Manual of 
Cation Exchanger Test Procedures,” 
shall be taken to mean all granular 
cation-exchange materials operating on 
the sodium cycle, for removing hard- 
ness (Ca, Mg, ete., or iron (Fe) or 
manganese (Mn) in solution) from a 
water supply, employing common salt 
(sodium chloride (NaCl)) as a re- 
generant. This manual deals with 
cation exchangers operating on the 
sodium cycle only. 


Sec. 1.2—Anion Exchangers Excluded 


Anion exchangers employing alka- 
line compounds such as hydroxides 
and carbonates as regenerants require 
separate test procedures which are not 
included in this manual. 


Sec. 1.3—Cation-Exchange Materials 


Cation-exchange materials may be 
classed as: 
1.3.1. Inorganic Materials (Sili- 
ccous): 
(1) Glauconite, or  greensand 
(low capacity and high capacity) 
(2) Precipitated synthetic — gel 
(sometimes called wet process) 
(3) Fused synthetic 
(4) Clay group or “Bentonites” 
(5) Miscellaneous 
1.3.2. Organic Materials: 
(1) Coal derivatives (made from 
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coal, lignite, peat (humus-contain- 
ing), ete.) 

(2) Resins 

(3) Miscellaneous 


Sec. 1.4—Object of Tests 


The object of the tests herein de- 
scribed is to determine, as nearly as 
possible, the physical and chemical 
properties of exchangers by the use of 
laboratory methods, keeping in mind 
the necessity of correlating laboratory 
tests with actual performance of ex- 
changers in service. It is recognized 
that laboratory tests do not indicate 
the quality of an exchanger over a 
period of time and under definite con- 
ditions of service as reliably as does 
experience. 


Sec. 1.5—Limitations of Tests 


The tests are only an indication of 
apparent results (comparative in na- 
ture), with actual operating results to 
be determined (as far as exchange ca- 
pacity, in grains or kilograins, is con- 
cerned) by properly regulated accept- 
ance tests to be determined in each 
case, preferably after the material has 
been properly conditioned or normal- 
ized—(1) at the beginning of opera- 
tions and (2) at the end of a week or 
a month or any other suitable period. 


Section 2—Suggested Definitions 
Sec. 2.1—Zeolite 


A zeolite is defined as any member 
of the family of hydrous silicates 
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(aluminosilicates), such as the phillip- 
site, the montmorillonite or the natro- 
lite groups (which are so called be- 
cause many species intumesce before 
the blowpipe) and some clay minerals, 
ultramine, glauconite and chabazites. 
A smaller degree of ion exchange is 
found in feldspars and kaolinite. All 
of these minerals contain alkali or al- 
kaline earth metals, and it is these 
metals which will ionize and exchange 
with ions in solutions. They are con- 
sidered as analogous to the feldspars in 
chemical constitution. Since the orig- 
inal designation of zeolites, it has been 
found that organic materials as well as 
inorganic materials can be used to pro- 
duce cation-exchange materials. There 
is no scientific justification for using 
the term “zeolite” to designate any of 
the cation-exchange materials in use 
today. Some thirty or forty years’ 
use of the word “zeolite,” however, 
has identified it so closely with base 
exchange and cation exchange in gen- 
eral, that the term is now generally 
accepted as covering both base-ex- 
change and cation-exchange substances. 

Although there has been no serious 
objection to extending the use of the 
word “zeolite” from the mineralogical 
field to the field of water treatment 
because of the similarity between the 
cation-exchange reactions of these min- 
erals in nature to the reactions of the 
cation exchangers in water treatment 
processes, the increasing deviation of 
the composition of cation exchangers 
from the zeolitic minerals makes it 
desirable to use the more precise term 
“cation exchanger.” 


Sec. 2.2—Cation 


The cation is the positively charged 
particle, or ion, in an electrolytic solu- 
tion which travels to the cathode (a 
metallic ion and H*) and, after being 
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discharged, is evolved or deposited; 
hence it is any positive ion. 


Sec. 2.3—Cation Exchange 


Cation exchange is the property of 
exchanging a cation existing in a solid 
(cation exchanger) for another cation 
in solution. Exchange reactions are 
reversible and are used to a great 
extent in the field of water treatment. 


Sec. 2.4—Anion 


In an electrolytic solution, the anion 
is the negatively charged particle, or 
ion, which travels to the anode; hence 
it is any negative ion. 

Sec. 2.5—Ion Exchange 

Ion exchange is a reversible inter- 
change of ions between a liquid phase 
and a solid (cation exchanger) involv- 
ing no radical change in the structure 
of the solid. 


Section 3—Suggested Terminology 
Sec. 3.1—Samples 

The procedures outlined in Standard 
Method for the Examination of Water 
and Sewage * (hereinafter called Stand- 
ard Methods; all page numbers refer 
to the ninth edition] re: “Collection of 
Samples” (page 1) are suggested for 
sampling, preservation, etc., of any wa- 
ter to be tested according to the direc- 
tions contained in this manual. 
Sec. 3.2—Reports 

The procedure outlined in Standard 
Methods re: “Expression of Chemical 
Results” (page 5) is suggested for 
reporting quantity determinations on 
any water tested according to direc- 
tions contained in this manual. (See 
also footnote, page 468 of this manual.) 

* Standard Methods for the Examination 
of Water and Sewage. Am. Public Health 
Assn. & Am. Water Works Assn., New 
York (9th ed., 1946). 
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Sec. 3.3—Supplemental Reports 


This form of report may be supple- 
mented by customarily accepted meth- 
ods of stating mineral analyses of 
water. 


Section 4—Taking of Samples 
Sec. 4.1—Representative Samples 


The importance of obtaining a truly 
representative sample cannot be over- 
emphasized. A sampling tube (Fig. 
1) or a grain sampler * shall be em- 
ployed in obtaining a_ representative 
sample, care being exercised to secure 
a full cross section, so that the effects 
of automatic sizing or segregation are 
taken into account. 


Sec. 4.2—Samples for Shipping 


If the material is shipped in con- 
tainers, samples shall be taken from at 
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Fic. 1. Sampling Tube 


least 5 per cent of them, scattered 
throughout the entire shipment. If 
the material is shipped in bulk, sam- 
ples shall be taken from top, half way 
down and bottom from at least sixteen 
locations in the car. Samples from 
operating tanks or units shall total at 
least four samples per 100 sq.ft. of 
surface area, and in layers of lesser 
area a minimum of four samples shall 
be obtained. 

These portions shall be mixed thor- 
oughly into one composite sample of 

* Grain Sampler No. 12, § in. in diameter, 
as made by Eimer & Amend Co., is sug- 
gested. Either dry or wet samples can be 
obtained. This grain sampler consists of two 
revolving concentric tubes with suitable an- 
nular openings, the inner tube being pro- 
vided with knobs for rotating purposes. 
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approximately 50 Ib., then quartered 
or riffed to approximately 15 lb. of 
greensand or 9 lb. of synthetic or 
organic exchanger and immediately 
placed in an airtight container. 


Sec. 4.3—Air-Drying Not Recom- 
mended 
Air-drying is not recommended, 


since exchangers, particularly the or- 
ganic types, vary greatly in water con- 
tent, even when in equilibrium with 
“air,” and the density (apparent) is 
markedly influenced by the water con- 
tent. When the tests for moisture, 
density and porosity have been deter- 
mined by the procedures later de- 
scribed, it is believed that the assem- 
bled data will make it possible to 
compare exchangers on a convenient 
and practical basis. 


Sec. 4.4._Draining for Sampling 


To obtain, with the sampling tube 
(Fig. 1), a sample that will contain 
material from the entire depth of the 
exchanger layer, the water shall be 
drained from the entire exchanger 
layer down to the level of the top part 
of the supporting gravel layer. The 
sampling tube shall be driven into the 
drained layer. 

Great care shall be exercised in re- 
wetting the exchanger to remove air 
pockets by opening valves slowly, to fill 
the unit from below. 


Section 5—Amount of Cation Ex- 
changer for Tests 


The approximate amounts of glauco- 
nite or greensand (at approximately 90 
lb. per cubic foot) required for the vari- 
ous tests to be made according to these 
procedures are given in Table 1. 
Amounts of other exchangers shall be 
in the ratio of their dry weights to that 
of greensands. 
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TABLE 1 
Amount of Exchanger for Tests 
Test Weight 
g. 
Total moisture 3 
Weight after backwashing 1,550 
Sieve analysis 200 
Exchange value 
Chemical composition 10 
Total 1,763 


* Exchange value tests may be run on same sample 
as weight-after-backwashing tests. 


PREPARED HARD TEST 
WATER FOR WASHING 
[ AND TESTING 


VALVES 

AIR VENT 

_— RUBBER STOPPER 


EXCHANGER 


IL 


GRADED 

QUARTZ DEPTH | 
45CM.TO.15CM. 3.5 CM. 
.75CM.T0.45CM. 3.5 CM, 


4, ~ RUBBER STOPPER 


| 1" DIPING 


BACK EFFLUENT DRAIN 
WASH 


Fic. 2A. 


Section 6—Tube Preparation and 
Calibration 


Sec. 6.1—Type of Tube 


The standard test tube unit shall be 
of light-walled glass (or other suitable 
material), with dimensions as shown 
in Fig. 2A. If the glass tube is flanged 
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THIN WALL GLASS TUBE 
| WITH ENDS PREFERABLY 
THICKENED OR FLANGED 


SUGGESTED ALTERNATE 
GRADED GRAVEL 
1.26 CM. TO .63 CM. 10CM. 
-63 CM. TO .315 CM. 10 CM 
-12CM. TO .08CM. 10CM 


~ FUSE THE NIBS TO WHICH 
RUBBER STOPPER MAY BE WIRED 


Standard Tube Arrangement, Showing Direction of Flow 
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or thickened at the ends it will prove 
more sturdy. 


Sec. 6.2—Calibration Procedure 


A rubber stopper of proper size, 
containing a piece of glass tubing ap- 
proximately } in. in diameter, with the 
end flush to the small end of the 
stopper, shall be prepared. To the 
long end, a short piece of rubber tub- 
ing shall be attached. A “Hoffman” 


SALT REGENERATION 


LUTION 


TUBE DIMENSIONS 
NOM. INSIDE DIAM, 2"'=51 MM. 
TOLERANCE +10% 

EXCHANGER DEPTH 76 CM 
TUBE LENGTH 152 CM 


DEPTH 


_ STAINLESS STEEL 
SCREEN NO 20 MESH 


~\ LABORATORY TUBING 
“WEDGED IN PLACE 
LENGTH TO SUIT 


screw clamp shall be used to regulate 
or to shut off flow. The rubber stop- 
per shall be taped in place, for the 
weight of the layer of cation-exchange 
material is sufficient to loosen it. In 
mounting the tube, the bottom shall rest 
on a suitable support, and the tube 
shall be truly vertical, to prevent un- 
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desirable turning of the layer of ex- 
changer. 

On the bottom shall be placed 0.63 
em. graded quartz or suitable silica 
gravel (dirt- and oil-free), round and 
clean, to a depth of about 3.5 cm. and, 
on top, 0.315 cm. graded material to a 
depth of 3.5 cm. All of this material 
in place shall be washed by upflow until 
it is clean. 

The tube shall be filled with water 
at 70°F.+ 10°F. (21°C.+6°C.) A 
height of 76 cm. above the quartz layer 
shall be measured with exactness, 
marking both top and bottom of the 
76-cm. length; then the water shall be 
drained down to the top mark. Fol- 
lowing this, the water between the top 
and bottom marks shall be drained into 
a graduate, measuring carefully the 
volume of water between the two 
marks. 

Assuming that the measured vol- 
ume equals 1,550 ml. and that 1 ml. = 
0,0000354 cu. ft., then 1,550 ml. = 
0.0548 cu. ft. occupied by 76 cm. in 
height. On this basis = 0.02192 
sq. ft. equals the average area in the 76- 
cm. layer. The tube shall be perma- 
nently marked to show its area when 
the determination has been made. 

Details of Fig. 2A tube arrange- 
ments are shown in Fig. 2B. 


Sec. 6.3—Calibration of Entire Tube 
for Organic Cation Exchangers 


For those exchangers in which the 
volume changes during the operation 
cycle, it may prove desirable to calibrate 
the entire tube by attaching a strip of 
graph paper,* $ in. wide, along the axis 
of the tube. Calibration may be made 
by successive additions of water (10 
ml.) from the burette, with volumes 
marked on the graph in convenient 


*10x 10 per 3 in, tenth lines heavy— 
equivalent to K & E No. 359-11. 
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units. In such case, the ‘“volume’’ fac- 
tor shall be marked on the tube. 


Sec. 6.4—Various Test Tube Diam- 
eters 


Test tubes having a diameter other 
than that herein designated are being 
used, but it is felt that the diameter 
chosen will permit reasonably accurate 
and reproducible results with a mini- 
mum of sample (material) and test 
water requirements. 


Section 7—Air-Drying 
Sec. 7.1—Limitation 


It is to be noted that under Sec. 4.3 
air-drying is not recommended. Cer- 
tain tests covered in this manual, how- 
ever, state that air-drying of samples is 
a permissible procedure if reproducible 
results can be obtained. Therefore, a 
suitable air-drying procedure is given. 


Sec. 7.2—Air-Drying Procedure 


To insure reproducible results when 
air-drying materials, the following pro- 
cedure shall be used: 

The sample shall be spread over the 
bottom of a suitable container to a 
depth of $ in. Drying shall continue 
for 24 hr. and shall be facilitated by 
thorough mixing and spreading of the 
sample three times, at intervals of eight 
hours, for the organic materials. Twice 
the time and number of stirrings shall 
be employed for inorganic materials. 
On completion of the sieve analysis, the 
moisture content of the sample shall 
be determined. (Sce Supplementary 
Notes, p. 478.) 


Sec. 7.3—Moisture and Density 


The total moisture of this sample 
shall be determined as in Sec. 10 (see 
p. 461) and the density of the dried ma- 
terial determined as in Sec. Al of the 
Appendix (see p.471). The density of 
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ENLARGED SECTION 
OF TUBE 


GLASS NIBS FUSED ON BOTTOM 
we 3 POINTS RUBBER STOPPER 
WIRED IN PLACE ON NIBS 


EXCHANGER 


80-100 MESH CRIMPED 
STAINLESS SCREEN 


TAPED OR WIRED IN PLACE 


STOPPER 
GLASS TUBING 


EXCHANGER 
~~~ 80-100 MESH CRIMPED 
STAINLESS SCREEN 


LAB. TUBING (RUBBER) 
80-100 MESH CRIMPED STAINLESS SCREEN 


~TAPED OR WIRED IN PLACE 


“RUBBER STOPPER 
GLASS TUBING 


GLASS COLUMN 


QUARTZ GRAVEL (RESTS 
ON MONEL SCREEN) 


—— BUCHNER FUNNEL 


CIRCULAR DISC OF MONEL METAL 
— WIRE SCREEN, NO. 20 MESH, 
CUT SLIGHTLY LARGE 
SO AS TO BE ARCHED 


PERFORATED PLATE OF 
BUCHNER FUNNEL 


SEE OTHER DIAGRAMS 
Q 4 
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152 CM. 


112 CM. 
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—}—2" FINE GRAVEL 
—{—— 2" MEDIUM GRAVEL 
—{——2" COARSE GRAVEL 

d 


51 MM~GLASS COLUMN 


—— GRADED QUARTZ GRAVEL 


Ay GLASS WOOL 


___ RUBBER STOPPER (TO 
an -4 BE TAPED TO COLUMN) 


——- GLASS TUBING 


Fic. 2B. Details of Fig. 2A Tube Arrangements 
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the sample “as is” should be determined 
in a similar manner, and the “wet- 
down” density as indicated in Sec. A4.3 
of the Appendix (see p. 477). 


Section 8—Oven-Drying Procedure 
When oven-drying is specified, the 
exchanger sample shall be dried to a 
constant weight in an oven capable of 
maintaining a temperature of 105° to 
110°C.* It shall then be cooled in a 
desiccator before weighing. The ex- 
changer shall be regenerated to its so- 
dium form and rinsed before drying. 


Section 9—Jarring or Shaking 


Sec. 9.1—Mechanical 
Shaking 


Jarring and 


To assure the maximum of uniform- 
ity in results when jarring is specified, 
jarring shall consist of vibrating the 
sample and container for one minute on 
a mechanical shaker at 150 taps per 
minute, and shaking shall be for a 
three-minute period. (Organic mate- 
rials require a longer shaking period, 
but no precise time which will be cor- 
rect for all can be given.) A 5 per 
cent speed tolerance is allowable. 

The “Ro-Tap Testing Sieve Shaker,” 
manufactured by W. S. Tyler Co. of 
Cleveland, Ohio, and the portable 
“Clenco-Meinzer Sieve Shaker,” manu- 
factured by the Central Scientific Co. 
of Chicago, are acceptable types of 
mechanical equipment. 


Sec. 9.2—Manual Jarring 


The container can be jarred by hand 
until there is no appreciable settling of 


* Construction details of an oven satisfac- 
tory for this procedure are given in an ar- 
ticle entitled “A Temperature and Humidity- 
Controlled Dryer for a Chemical Engineering 
Laboratory,” by Roserr M. SCHAFFNER 
& JaAmMEs Cour of the University of Pitts- 
burgh (Ind. Eng. Chem.—Anal. EFd., 14: 
590 (1942) ). 
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the cation exchanger ; then more mate- 
rial is added to fill the container to total 
capacity, with additional jarring to be 
sure that the measuring container is 
full. 


Sec. 9.3—Manual Shaking 


In manual shaking, the nest of sieves 
containing the sample shall be rocked 
back and forth over a piece of wood 
so that the bottom of the pan is about 
1 in. above the table top. The rocking 
shall be at the rate of 150 bumps per 
minute (75 on each side), bumping the 
entire nest against a wood table for five 
minutes. Sieves shall be bumped 
lightly and not bounced. Heavy bounc- 
ing will produce erratic results. 


Section 10—Total Moisture in Cation 
Exchanger as Received 


Sec. 10.1—Apparatus 


The apparatus required consists of : 
(1) one 2-in.-diameter standard weigh- 
ing bottle (stoppered); (2) a drying 
oven capable of maintaining a tempera- 
ture of from 105° to 110°C.; and (3) 
an analytical balance and desiccator. 


Sec. 10.2—Procedure 


The weight of the weighing bottle 
and stopper shall be determined. 
About 3 g. of material shall then be 
placed quickly in the weighing bottle 
and the bottle sealed immediately with 
the stopper. The bottle and sample 
shall be weighed. Then the stopper 
shall be removed and the bottle placed 
in the oven, maintained at 105° to 
110°C. It shall then be dried for 
twelve hours, or to constant weight. 
For calculation of moisture, the follow- 
ing equation may be used: 

_ Loss in wt. 


100 = moisture as received 


Wt. of sample 
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Nore—Synthetic (inorganic) ex- 
changer loses its water of hydration at 
105° to 110°C., and the moisture is not 
returned on atmospheric cooling; thus, 
after this test, the sample should be 
thrown away, as its exchange value is 
affected. Resinous exchangers can be 
brought back to exchange capacity but 
may crumble. 


Sec. 10.3—Moisture in Air-dried Sam- 
ple 
Moisture in the air-dried sample is 
to be determined by the total-moisture 
method. 


Section 11—Weight per Cubic Foot 
of Cation Exchanger as Received 


Sec. 11.1—Apparatus 


The apparatus required consists of: 
(1) small platform scales, weighing in 
pounds and ounces; and (2) a 1-cuft. 
box (preferably with rigid sides), wood 
or steel. This box shall be made to 
fit a “Ro-Tap,” or equal, shaking ma- 
chine so that reproducible results can 


be obtained. 


Sec. 11.2—Procedure 


The box shall be weighed to the 
nearest ounce, then quickly filled to 
overflowing with test material, just as 
received in the sample shipping con- 
tainers. The box shall then be jarred 
(see procedure under Sec. 9) and the 
excess material stricken off the top of 
the box with a suitable straight edge. 
The box and test material shall then be 
weighed to the nearest ounce. The 
total weight minus the weight of the 
box gives the weight of the exchanger 
per cubic foot, as received. 

Note—The box can be jarred by 
hand until there is no appreciable set- 
tling of the material, and then addi- 
tional material can be added to fill it to 
total capacity, with additional jarring 


A.W.W.A. TENTATIVE MANUAL 


Jour. AWWA 


to be sure the measuring container is 
full. 


Section 12—Weight per Cubic Foot 
of Saturated Settled Cation Ex- 
changer After Backwashing 


Sec. 12.1—Apparatus 


The apparatus required consists of: 
(1) one softener unit (glass tube) as 
shown in Fig. 2A and 2B; and (2) a 
balance sensitive to 0.5 g. in 100 g. 
Sec. 12.2—Procedure 

A sufficient amount of the regener- 
ated exchanger sample to make a layer 
approximately 76 em. deep shall be 
weighed accurately. About 76 cm. of 
water shall be placed in the tube and the 
regenerated exchanger poured slowly 
into the water. If the exchanger tends 
to swell, it shall be checked at intervals 
until the swelling has ceased. The ma- 
terial shall then be backwashed in an 
upward direction for 20 minutes with 
clear tap water at a rate sufficient to 
give 50 per cent expansion of the ex- 
changer layer, uniformly maintained 
for fifteen minutes. 

The backwash shall be decreased 
slowly for the last two minutes, and, 
when stopped, the effluent valve shall 
be opened so that water is drained off 
at the average rate of 12 cm. per min- 
ute. The operation shall be stopped 
with 0.63 cm. water above the top of 
the sand, and the volume (in cubic feet) 
of the saturated layer of regenerated 
exchanger measured. (Care should 
be taken to avoid shaking or tapping the 
tube when making volume measure- 
ments and to prevent quiescent settling 
between backwashing and draining. ) 
Qn this basis: 

Wt. of exchanger (in Ib.) 
Vol. of satd. exchanger (cu.ft. ) 


changer as received (in lb./cu.ft.) in posi- 
tion in softener 
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and: 


Wt. of exchanger (100 — % moisture ) 


100 X cu.ft. of satd. exchanger 
= Wt. of exchanger per cu.ft. (dry basis) 


Three separate tests should be con- 
ducted and the average result reported. 


Section 13—Sieve Analysis of Cation 
Exchanger 
Sec. 13.1—Apparatus 
The apparatus required consists of: 
(1) sieves; (2) one sieve pan; (3) 
one sieve cover; and (4) a balance or 
scale sensitive to 0.1 g. in 300 g. 
TABLE 2 


Standard Specifications for Sieves 
for Testing Purposes 


Openings -mm. 


Sieve No. ASA Std. Tyler 
8 2.38 2.36 
10 2.00 
10 1.65 
16 1.19 - 
20 0.84 0.833 
30 0.59 0.589 
40 0.42 0.417 
50 0.297 0.295 
60 0.250 - 
65 — 0.208 


The sieves are to be 8 in. in diam- 
eter, square mesh, having ASA Stand- 
ard sieve openings or the correspond- 
ing Tyler standard sieve openings. 
Sieves shall meet the requirements 
of the ASA specifications document 
Z23.1-1939, as shown in Table 2. 
Sec. 13.2—Procedure 

A sample of air-dried material, of a 
weight as follows, shall be taken: 

For materials bulking approximately: 
25 to 40 Ib. per cu. ft.— 50 grams 
40to 65 —100 grams 
651095 “ “ “ “—200 grams 

In the sieve analysis of synthetic 
exchangers extreme care must be exer- 
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cised in removing the material from 
the sieves for weighing, as it has a 
tendency to bounce and thereby be lost. 
This causes low results and makes it 
impossible to check within the toler- 
ance required. It is recommended that 
the sieves be cleaned and all weighing 
be made over a black surface. 

For materials which swell when 
wetted, similarly conducted tests shall 
be made on oven-dried material, a fully 
swollen sample, a wet-screen analysis 
and a sample “as received,” if possible. 

For syfithetic or coarse-grained ex- 
changers, sieves No. 8, 10, 16, 20, 30, 
40 and 50 shall be used. 

For organic exchangers and green- 
sand, sieves No. 10, 16, 20, 40, 50 and 
60 shall be used. 

The material shall be shaken for 3 
minutes in a mechanical shaker or for 
5 minutes manually (see Sec. 9.3). 
Sec. 13.3—Reporting Results 

The sieve analysis shall be reported 
in percentage by weight to the nearest 
0.1 per cent retained on the various 
sieves, and the result preferably plotted 
on logarithmic paper. Following is an 
example of a proper form of report: 

per cent 
Retained on No. 8 sieve -- 
Passing No. 8 and retained on No. 10 

“ No. 16 

No. 16 “ No. 20 

= No. 20 “ No. 30 - 

No. 30 “ “ No.40 — 

No. 40 “ “ No.50 — 

= No. 50 “ “ No.60 — 

No. 60 “ “ No.65 — 

Rats pan — 


(Specify sieve used—ASA Std. or Tyler) 


If the percentages do not total 100, 
correction shall be made on the largest 
quantity retained on any sieve. If the 
sum of the weight retained on each 
sieve and that which passes the smallest 
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size sieve is less than 99 or more than 
101 per cent, however, the test shall 
be discarded and another test made. 

Note—Different screen fractions 
will contain a different percentage of 
moisture due to their difference in 
grain sizes and the lack of time to 
approach a uniform moisture condition 
of the exchanger. After the quick air- 
drying operation, the sample should 
preferably be held in a sealed jar over- 
night so that the moisture content may 
become uniform throughout. 


Section 14—Resistance of Cation Ex- 
changers to Aggressive Attack 


Although no definite test procedures 
are included here, various laboratories 
will have the occasion from time to 
time to test two or more cation ex- 
changers on a comparative basis. For 
assistance in planning such tests, the 
following factors are suggested for 
consideration : 

pH: Both high- and low-pH condi- 
tions have been reported as having an 
aggressive effect upon the siliceous 
cation exchangers. High pH also ap- 
pears to have an aggressive effect upon 
certain of the organic cation ex- 
changers. 

Temperature: High temperatures in 
particular are destructive to many cat- 
ion exchangers. 

Iron: The content of a water being 
treated has a significant effect upon the 
life of the cation exchanger, particu- 
larly those exchangers which are not 
susceptible to cleaning by acid. 

Free Carbon Dioxide: Siliceous ex- 
changers in particular are susceptible 
to aggression by waters containing 
free carbon dioxide. 

Silica: Low-silica waters are ag- 
gressive toward siliceous cation ex- 
changers. 

Chlorine: Aggressive attack by chlo 
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rine is particularly important in or- 
ganic cation exchangers. 

Concentrated Brine: Inorganic cation 
exchangers are sometimes affected by 
too concentrated brine. 


Section 15—Determining Exchange 
Values of Cation Exchangers 


This method of test comprises the 
determination of the operating ex- 
change or capacity value (sodium cy- 
cle) of cation exchangers and not the 
total exchange, because, in practice, it 
is not customary to operate cation- 
exchange softeners until they are com- 
pletely exhausted, but to operate only 
to a definite hardness endpoint. 


Sec. 15.1—Apparatus 

15.1.1. Test Unit: A standard cali- 
brated test unit (Fig. 2A, 3, 4) shall 
be used. Attachments to the tube shall 
be made so that the softener tube can 
be used for upward or downward flow. 
A means of regulating the rate of flow 
of the backwash and effluent shall be 
provided. 

15.1.2. Receivers: Any calibrated 
container may be used as a receiver. 

15.1.3. Test Bottle: A 100-ml. rub- 
ber-stoppered bottle shall be used. 
Sec. 15.2—Synthetic Test Water 

A supply of synthetic test water (25 
gal.) shall be made up as follows: 

15.2.1. Solution 1 (for synthetic, 
resinous and carbonaceous exchang- 
ers)! 

400 ppm. Total Hardness (as CaCOs) 


CaCl (anh.)....1.115 g./gal.,* or 0.296 g. /1.* 
MgSO,-7H.,0.. .1.251 g./gal., or 0.332 g./I. 


15.2.2. Solution 2 (for greensand) : 


170 ppm. Total Hardness (as CaCO) 
CaCl (anh.)... . .0.473 g./gal., or 0.126 g./I. 
MgSO,-7H20..... 0.530 g./gal., or 0.141 g./I. 


*In these abbreviations, as elsewhere, the 


g.” stands for gram, not grain. 


: 


15.2.3. Solution 3 (for high-capac- 
ity exchangers) : 

300 ppm. Total Hardness (as CaCOs) 
CaCl (anh.)... . .0.835 g./gal., or 0.199 g./I. 
MgSO,-7H,0..... 0.936 g./gal., or 0.248 g./I. 
Sec. 15.3—Natural Water 

When the tests are made on a nat- 
ural water, its hardness and composi- 
tion shall be accurately determined. 


Sec. 154—Salt Solution 

15.4.1. Quantity: 1 gal. of 5 per 
cent cp. salt solution shall be used. 
Table 3 summarizes the volumes of 
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and brine temperature during exchange 
value tests shail be 70°F.+ 10°F. 
(Zt* = 

15.4.5. pH: Hard water (tap) shall 
be used for making the brine. The 
pH value of the brine shall be above 
7.0, but not more than 8.3. The pl 
value shall be recorded. 


Sec. 15.5—Soap Solution 


15.5.1. Standard Palmitate Soap 
Solution: Standard potassium palmi- 
tate soap solution made according to 
Standard Methods (page 23) shall be 


TABLE 3 


Brining of Exchangers* 


Vol. 0.855 NV 
ee Nom. Exchange Salt NaCl (5%) 
Cation Exchanger on Capac., grains required for 
ime} per cu.ft. 1,550-ml. unit 
lb./cu.ft. me./L§ ml. 
Greensand 35 2,800 1.26 0.347 604 
High-capac. greensand 45 5,500 2.47 0.681 1,188 
Synthetic siliceous 60 11,000 5.27 1.45 2,520 
Coal derivatives 60 7,000 3.85 0.87 1,507 
Resin, phenolic polystyrene 
base 60 7,000—-35,000 


* Salt shall be applied at the rate of 0.45 Ib. per kilograin of hardness removed. If salt economies are to be 


stressed, lower salt doses may be employed, but at lower exchange capacities, as guaranteed by the manutacturers. 
+t Because of limited experience with this material, it is suggested tentatively that a 15 per cent sodium chloride 


solution shall be used. 


t The displacement rinse is a volume of raw water applied at the same rate as, and following, the brine and is 


used for rinsing the brine trom the exchanger so that all parts of the exchanger shall receive equal contact with the 


brine. 
§ See footnote, p. 468. 


0.855 N sodium chloride (5 per cent) 
used for sodium exchangers of dit- 
ferent types for this standard labora- 
tory test. The quantity may be varied, 
however, for particular tests. 

15.4.2. Quality: The salt (NaCl) 
should not contain more than 2 per 
cent Ca and Mg salts, expressed as 
sodium chloride; and the analysis of 
the salt used shall be stated. 

15.4.3. Strength of Solution: Salt 
solution shall be made from tap water 
to a strength of 0.855 N (5 per cent) 
by weight of salt (NaCl). 

15.4.4. Temperature: The water 


used in all determinations where an 
issue exists concerning the acceptance 
of exchangers or their conformance to 
specifications. 

15.5.2. B&B Soap Solution: Soap 
solution made according to Boutron- 
Boudet (Standard Methods Zeolite 
Softener Field Test, eighth edition, 
page 103), when calibrated against 
standard potassium palmitate soap so- 
lution, may be used in field or rou- 
tine testing of performance of ex- 
changers, but it shall not be used as 
a basis of acceptance or rejection of 
exchangers. 
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100 ML. RINSE WATER TO 
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,CONSTANT 
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51 MM. 


REGENERANT 


<~_ BED OF 
MATERIAL 
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— PINCHCLAMP 


“*-—+FIXED ORIFICE 


(C) REGENERATION 
AND DISPLACEMENT 
VOLUME RINSE 


(D) RUN 


Fic. 3. Tube Arrangement for Exchange Capacity Determinations 


Sec. 15.6—V olume 


An amount of the sample in excess 
of that apparently required to give a 
76-cm. layer of the regenerated ex- 
changer shall be weighed out. The 
procedure of Sec. 12.2 shall then be 
followed to place the sample in the 
water up to the 76-cm. mark. The un- 
used portion shall be weighed and (by 
difference) the weight in the tube re- 
corded. Materials that swell shall be 
permitted to stand until swelling has 
ceased. The procedure of Sec. 12.2 
shall then be followed to determine the 
volume. Tests shall be repeated until 
consistent. results are obtained; and 
values shall be recorded. 


It will be permissible to add or sub- 
tract material to adjust the exchanger 
volume at exactly 76 cm. when back- 
washed and drained. ‘The gross weight 
and net dry weight of the 76-cm. bed 
shall be calculated in terms of the 
relative volumes. 

Sec. 15./—Preliminary Treatment 

Many cation-exchange materials are 
placed on the market in an alkaline con- 
dition so that it is necessary to remove 
this free alkali by repeated backwash- 
ings and downflow operations before 
starting the test. Excessive amounts 
of alkali affect the exchange capacity 
and therefore give false results. To 
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determine when the free alkali has been 
removed, a fifteen-minute soaking test 
with the water to be softened shall be 
made. In this test, the hydroxide al- 
kalinity of the water standing in the 
exchanger layer during the soaking 
period, when drained off, shall not ex- 
ceed 3 ppm. Following this thorough 
removal of free alkali, the exchanger 
shall be given two or three successive 
regenerations with salt (NaCl) to in- 
sure complete removal of calcium and 
magnesium salts. The regular test 
runs may then be started, but it will 
be necessary to discard the first few 
runs, which will probably be abnor- 
mally long. The result of these initial 
runs shall be recorded, but shall not 
be considered as representative until 
fairly constant results are obtained on 
several runs under a given set of con- 
ditions. 


Sec. 15.8—Backwashing Operation 


15.8.1. Arrangement: The rubber 
connections for backwashing shall be 
as shown in Fig. 4. At the end of 
each softening run, the exchanger layer 
shall be backwashed thoroughly to 
cleanse and loosen it. The water to be 
treated shall be used to backwash. The 
flow rate during backwashing shall be 
sufficient to expand the material ap- 
proximately 50 per cent, and the period 
of washing shall be long enough to re- 
move all dirt collected in the tube or 
in the layer during the softening run. 
The backwash time shall usually be 
about five to ten minutes; the time shall 
be recorded. 

15.8.2. Gas Removal: If a consid- 
erable amount of air or gas collects in 
the layer during the run, it will be 
necessary to employ special means to 
remove such entrained gases before 
proceeding with the normal backwash- 
ing operation, The layer shall be back- 
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washed into a large funnel, connected 
to the top of the tube with wide rubber 
tubing as shown in Fig. 3 (A). Then 
the layer shall be allowed to return to 
the tube by draining all of the material 
from the funnel back into the tube, after 
which the backwashing procedure de- 
scribed in Sec. 15.8.1 shall be followed. 


RAW WATER OR 
REGENERANT UBE OPE 
F | RATE OF FLOW GAGE 
BACKWASH 
EFFLUENT - | (TO BE CALIBRATED) 
AIR VENT 
RUBBER 
STOPPER | GLASS COCK 
NOZZLE 
RECEIVING 
TANK |}. GAGE 
(GAGED) 
SOFT . 
L 
RUBBER 
STOPPER 
KA 
BACKWASH 


DRAIN 

Fic. 4. Calibrated Tube Arrangement for 
Exchange Capacity Determinations 


Sec. 15.9—Regeneration Operation 


15.9.1. Brine Introduction and Dis- 
placement Volume Rinse: The tube 
connections and constant-head device 
for regeneration and rinse are shown 
in Fig. 3 (C). After backwashing, the 
tube shall be drained until the water 
level is about 1 cm. above the top of 
the layer. The tube shall be filled with 
regenerant to the point where it is just 
possible to fit the narrow-stem funnel 
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into the top of the tube with a rubber 
stopper. The remainder of the regen- 
erant shall then be poured into the 
funnel. 

A fixed orifice or capillary tube shall 
be placed at the bottom of the tube and 
the clamp on the outlet opened so as to 
give a flow rate of 40 ml. per minute. 
The bottle containing the rinse water 
shall then be placed in position. Re- 
generant and water shall be allowed to 
flow until the regenerant and displace- 
ment water have passed through the 
exchanger layer. 

It is advantageous to have a mark 
on the tube 100 ml. above the surface 
and to have 100 ml. of rinse water in 
the bottle in excess of that required 
for rinsing, so that the flow can be 
stopped when this top mark is reached. 
This avoids the possibility of intre- 
ducing air into the top of the exchanger 
layer by attempting to stop the flow of 
water exactly at the surface. 

15.9.2. Insufficient Volume of Re- 
generant: When the volume of regen- 
erant is insufficient to fill the tube 
completely above the layer, it is ad- 
visable to attach a rubber tube to the 
bottom of the funnel, so that the end 
will dip slightly into the regenerant. 
Then the subsequent procedure shall 
be similar to that described in Sec. 
15.9.1. 

15.9.3. Quantities of Brine Used 
for Regeneration: The quantities of 
brine solution to be used for the initial 
regeneration of sodium exchangers are 
shown in Table 3. 

15.9.4. Composition of Rinse Water: 
The composition, temperature, pH, 
etc., of the rinse water shall be the 
same as that of the water to be treated. 

15.9.5. Volume of Rinse: The 
rinse volume (displacement volume) 
shall be passed through the exchanger 
layer at the same rate as the regenerant. 
After the displacement volume has 
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passed through the test material, the 
fixed orifice shall be removed from the 
outlet line. Another fixed orifice, giv- 
ing a flow rate of 250 ml. per minute, 
shall then be inserted, and at the same 
time the top of the tube shall be con- 
nected to the influent water line, as il- 
lustrated in Fig. 3 (D). The flow of 
water through the material shall be con- 
tinued until the hardness can no longer 
be maintained at 10 ppm. (as CaCO.,), 
using Standard Methods palmitate soap 
solution. This point shall constitute 
the end of the rinsing operation and the 
start of the softening run. 


Sec. 15.10—Softening Run 


15.10.1. Starting Point: The hard- 
ness of the effluent at the standard 
Starting point of a run shall be 10 ppm. 
(as CaCO,), using Standard Methods 
palmitate soap solution. 

15.10.2. Flow Rate and Exchange 
Velocity: The standard flow rate shall 
be 250 ml. per minute, which corre- 
sponds to 12.2 ml. per square centi- 
meter per minute, or 3 gpm. per square 
foot. The exchange velocity shall be 
2.14 me./1.* per minute or 0.0466 grains 
per cubic foot per minute, when soft- 
ening a water with a hardness of 8.55 


* The unit “equivalents per million grams” 
(epm.), tentatively approved by the Ameri- 
can Society for Testing Materials in 1940, 
appears to be more consistent when used 
together with the firmly established “parts 
per million” (ppm.), because each is a 
“weight per weight” unit. The abbreviation 
“epm.,” however, introduces a serious in- 
consistency in that the letter “m’ stands 
for “million grams” rather than for “million 
equivalents” as might be inferred from its 
significance in the term “ppm.” Because 
of this, and also because, in the use of 
weight per weight units, it is not always 
clear whether weights of solution or weights 
of solvent are meant, the Cation Exchanger 
Manual Committee prefers to use the weight 
per volume units, i.e., milligrams per liter 
(mg./l.) and milligram equivalents per liter 
(me./I1.). 
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me./l. (25 grains per gallon, or 428 
mg./l.). Proportionate corrections 
should be made according to the area 
of the tube used. 

15.10.3. Endpoint: The hardness 
of the effluent at the standard end- 
point of a run shall be 16 ppm. (as 
CaCO,), using Standard Methods pal- 
mitate soap solution. 

15.10.4. Composition of Effiuent: 
In addition to checking the hardness 
of the softened effluent at frequent in- 
tervals throughout the run, it is es- 
sential also to check the pH value, 
methyl orange alkalinity, phenolph- 
thalein alkalinity and free CO, at in- 
tervals, particularly at the start of a 
series of runs with new cation-exchange 
material. 


Sec. 15.11—Calculation of Capacity 
15.11.1. Capacity in the Test: The 


results of the individual test runs shall 
be recorded and, from the volume of 
water softened, volume of exchanger 
and hardness of water used during soft- 
ening, the exchange capacity shall be 
calculated by the following equations: 


Capac. (me./I.) 
Influent hardness (me. x Effluent (1.) 
Test material vol. 
me./l. 


45.8 


Kilograins/cu.ft. = 


me./I. 
Capac. (me./g.) = 05°C.) perl. 
In special cases where appreciable 
hardness is present in the effluent, the 
calculations must be corrected for the 
residual hardness remaining in the 
softened water. 

15.11.2. Capacity as Received: It is 
often desirable to test a shipment of 
exchanger when received, but before it 
is put in place. A convenient method 
of accomplishing this is to prepare a 
test layer in a piece of pipe of con- 
venient diameter (preferably 6 to 8 in.) 
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and with freeboard sufficient to allow at 
least 60 per cent exchanger expansion. 
The test model should be built with the 
same depth as its counterpart. The 
hard-water influent shall be metered 
and the effluent checked volumetrically. 
The methods described in Sec. 15.11.1 
shall be followed, but the salt dosage 


‘should be that set forth in the speci- 


fications for the particular installation 
in question. (See Supplementary 
Notes, page 478.) 


Section 16—Color Leaching Test 


After making a number of exchange 
capacity runs in the sodium cycle, the 
exchanger shall be regenerated with 400 
ml. 5 per cent brine (NaCl) solution. 
The brine solution shall be made to 
flow through the exchanger at 20 ml. 
per minute. The material shall then 
be rinsed with 400 ml. distilled water 
at 20 ml. per minute. Rinsing shall be 
stopped when the water level is 1.26 
cm. above the surface of the test ma- 
terial. The water shall be allowed to 
stand in the unit overnight (preferably 
for sixteen hours), and then drained 
into a beaker for the color determina- 
tion by the procedure of Standards 
Methods (page 14). 


Section 17—Chemical Composition of 
Synthetic Siliceous Exchangers 


Sec. 17.1—Sampling 


The procedure for sampling of ex- 
changers (Sec. 4) shall be followed. 


Sec. 17.2—Preparation of Sample 


About 10 g. of exchanger to be 
tested shall be washed in a strong salt 
solution (about 50 per cent saturation ) 
and then washed with distilled water 
until free from chlorides. The mate- 
rial shall then be oven-dried (see Sec. 
10.1). (An air-dried sample may be 
used if desired, making a correction in 
weight for the moisture content.) The 
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sample is then ready for chemical 
analysis. 


Sec. 17.3—Determinations 


17.3.1. Loss on Ignition: Ina plati- 
num crucible, approximately 1 g. of 
oven-dried sample accurately weighed 
shall be heated to a dull red heat for 


20 minutes, then cooled in a desiccator 


and reweighed. The percentage loss 
on ignition on the oven-dried sample 
then equals: 


Loss in wt. | 
Wt. of sample 


17.3.2. Silica: The exchanger shall 
be finely ground and about 0.5 g. of 
air-dried sample shall be weighed ac- 
curately and placed in a platinum or 
porcelain dish. The sample shall be 
moistened with distilled water, then 20 
ml. of 6 N HCI shall be added and the 
sample evaporated to dryness on a 
steam or water bath. The procedure 
shall be repeated by adding an addi- 
tional 20 ml. of 6 V HCI and evaporat- 
ing to dryness a second time. The 
material shall then be dried at 105°C. 
for one hour. (See Supplementary 
Notes, page 478.) 

The residue shall be redissolved with 
5 ml. concentrated HCI followed by 50 
ml. distilled water. Following this, 
the residue shall be filtered, using an 
ash-free paper, and washed free of 
HCl, saving the filtrate and washings. 
The filter paper and residue shall then 
be placed in a platinum crucible (not 
porcelain), dried, ignited at 950°C. to 
constant weight, cooled in a desiccator 
and weighed (first residue). 

The contents of the crucible shall 
then be moistened with two drops of 
1:1 sulfuric acid, followed by 5 ml. of 
hydrofluoric acid. The crucible shall 
be heated gently under the hood to 


x 100 
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expel the excess hydrofluoric acid, after 
which the heat shall be increased until 
all fumes of sulfuric acid have been 
expelled. The residue shall again be 
ignited at 950°C., cooled in the desic- 
cator and weighed (second residue). 
Then: 


Wt. of first residue — Wt. of second residue 
Wt. of sample taken 


X 100 = % Silica in air-dried sample 


The final residue in the crucible shall 
then be dissolved by fusing with a 
little potassium bisulfate and dissolving 
in a little dilute H,SO,. This solution 
shall then be added to the original 
filtrate and washings and used for the 
determination of alumina. 

17.3.3. Alumina: The alumina de- 
termination shall be made as follows: 

To the solution, evaporated to ap- 
proximately 100 ml. and free from 
phosphoric or arsenic acid and elements 
that would precipitate with aluminum, 
shall be added 5 g. NH,Cl and 5 ml. 
concentrated HNO,. The solution 
shall then be heated to boiling and 
allowed to cool. To the cooled solution 
shall be added two or three drops of 
an indicator with a pH range of 6.5- 
7.5. Then, dropwise, very carefully, 
from a burette, shall be added NH ,OH 
(dilute 1:1; free from carbonate) un- 
til the alkaline color is obtained (pH 
7.5). The solution shall then be 
heated to boiling and filtered. The 
precipitate shall be washed with a 2 
per cent solution of NH,NO,. 

The precipitate shall be dissolved in 
a small amount of hot, dilute HCI and 
reprecipitated to eliminate, as com- 
pletely as possible, occluded substances. 
It shall be ascertained that the solu- 
tion of the hydroxide by HCl is com- 
plete and that the alkalinity in re- 
precipitation does not exceed the limit 
recommended. 
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The precipitate shall be washed free 
of chlorides, using the 2 per cent 
NH,NO, solution, and then shall be 
drained. The filter and its contents 
shall be placed in a platinum or porce- 
lain crucible and ignited, gently at first 
until the paper is thoroughly charred, 
at which time the heat shall gradually 
be increased. The crucible shall then 
be covered and heated to a glowing 
white temperature, cooled in a desic- 
cator and weighed rapidly. The heat- 
ing, cooling and weighing shall be re- 
peated until a constant weight is ob- 
tained. 

The precipitate shall then be weighed 
as alumina (AI,O,) unless a reddish 
tint indicates the presence of iron, in 


Section Al—Weight of Dry Cation 
Exchanger per Cubic Foot (Den- 
sity Data) 


Sec. A1.1—A pparatus 


The apparatus required consists of: 
(1) one 1,000-ml. graduated glass cyl- 
inder; (2) a drying oven capable of 
maintaining a temperature of 105° to 
110°C.; and (3) a balance, sensitive 
to 0.5 g. in 1,000 g. 


Sec. Al.2—Procedure 


A1.2.1. Greensand: The graduated 
cylinder shall be weighed. Oven-dried 
greensand shall be poured into the 
graduated cylinder to a little over the 
1,000-ml. mark, shall be jarred (see 
procedure under Sec. 9.2), and opera- 
tions shall be finished with exactly 
1,000 ml. The cylinder and the green- 
sand shall be weighed quickly. The dif- 
ference in weight of the cylinder and 
the greensand and the empty cylinder 
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APPENDIX 


Research Procedures 


which case it shall be weighed as R.O,, 
determining the iron (Fe,O,) sepa- 
rately, and subtracting it from the 
R,O, reading. (See Supplementary 
Notes, page 478.) 

17.3.4. Sodium Oxide: Sodium ox- 
ide shall be determined on the basis 
that the sum of percentages (ignited- 
weight basis) of silica (SiO,) plus 
alumina (AI,O,) and iron oxide 
(Fe,O,) subtracted from 100 equals 
the percentage of sodium oxide 
(Na,O). Also sodium may be de- 
termined directly by any standard 
method of analysis. 

17.3.5. Moisture at 105°-110°C.: 
Moisture shall be determined accord- 
ing to the procedure given in Sec. 10. 


is the weight of dry greensand in grams 
per 1,000 ml. Then: 


Dry wt. per cu.ft. (in lb.) 


te 3.785 X 7.48 
= Wt. (in g.) of 1000 ml. x ow ; ) 


= Wt. (in g.) X 0.0624 


Other Cation Exchangers: 
When resinous and carbonaceous ex- 
changers are shipped dry (unwetted), 
an additional wetted weight per cubic 
foot of material shall be determined. 
To make this determination, the mate- 
rial shall first be immersed in water, i.e., 
thoroughly wetted. This wetting shall 
be such as to insure complete swelling 
of the particles. The material, after 
wetting, shall be drained to remove 
“free” water before it is placed in the 
test tube. 

To make the results of this test re- 
producible it has been suggested that a 
“B&D” (backwashed and drained) 
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volume be used instead of a jarred 
volume. 

The moisture content of all material 
to be tested shall be determined on 
duplicate average samples, by methods 
described in Sec. 10. This moisture 
content shall be recorded and reported. 


Section A2—Determining Attrition 
Losses of Cation Exchangers 


Accelerated tests thus far devised 
cannot be counted on to furnish com- 
pletely reliable data concerning the 
probable life and operating character- 
istics of a cation exchanger placed in 
actual service. The tests have some 
value, however, in supplying compara- 
tive data which may be used as a guide. 
Suggested forms of tests have been 
prepared for the following materials: 
(1) greensand; (2) synthetic gels, 
fused synthetic, bentonites, miscellane- 
ous; (3) carbonaceous and resinous 
exchangers. 


Sec. A2.1—Scheme A—Greensand 


A2.1.1. Apparatus: The apparatus 
required consists of: (1) one 4-oz. 
rubber-stoppered oil-sample or other 
bottle (about 14 in. in diameter by 63 
in. overall) ; (2) one rotating shaking 
wheel (axis horizontal, to rotate at 17 
rpm., with provision for connecting 
the bottle 1 in. from center of shaft 
(Fig. 5)); (3) one calibrated 1-liter 
volumetric flask; and (4) a Jackson 
turbidimeter. 

A2.1.2.. Sampling: Sampling shall 
follow the method of Sec. 4. If taken 
from an exchanger unit that has been 
used or is in actual use, samples shall 
be taken after regeneration. 

A2.1.3. Procedure: 50 g. of air- 
dried regenerated exchanger shall be 
placed in the container, which shall 
then be filled with distilled water oi 
approximately 70°F. temperature, and 
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stoppered. The bottle shall be con- 
nected to the mixing wheel and re- 
volved two hours at 17 rpm. The 
bottle shall then be removed and al- 
lowed to settle fifteen seconds, after 
which the supernatant liquid shall be 
poured into the 1-liter volumetric flask. 
The exchanger shall then be washed 
until the washings are clear. 

After the washings have been col- 
lected in the volumetric flask, sufficient 
distilled water shall be added to fill the 
flask to the 1-liter mark, and these shall 
be mixed. The turbidity of the sample 
shall then be determined with the Jack- 
son candle turbidimeter, to give a 
measure of the resistance to attrition in 


WHEEL 18-IN. 
DIAM. TO 


ROTATE 17 RPM. 


= 


Fic. 5. Rotating Shaker 


parts per million turbidity. Attrition 
value shall then be obtained as follows: 


Turbidity (in ppm.) 


Attrition value = 


Sec. A2.2—Scheme B—Synthetic Ex- 
changers 


A2.2.1. Apparatus: The apparatus 
required consists of: (1) a balance or 
scale (sensitive to 1 mg.); (2) a 
shaker (“Tyler Ro-Tap”); (3) one 
5-oz. squat-form screw-cap jar; and 
(4) sieves. 

A2.2.2. Procedure: From the air- 
dried sample that has not been pre- 
viously shaken, a portion passing the 
No. 14 sieve and retained on the No. 
20 sieve shall be sieved out. From 
this portion 20 g. shall be weighed out 
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accurately (on the dry basis). This 
material shall then be placed in the 
screw-cap jar and 75 ml. of distilled 
water at room temperature added. The 
jar shall then be capped and placed flat 
in the shaker pan and packed tightly 
with cloth or wadded paper. The lid 
shall then be placed on and the assem- 
bly clamped in the shaker. Shaking 
shali continue for two hours. 

After shaking, the jar shall be re- 
moved and allowed to settle fifteen 
seconds. The liquid shall then be 
poured off into a 1-liter volumetric 
flask. To the exchanger in the jar 
about 75 ml. of water shall be added, 
the jar capped, turned over, the cap 
removed and the water poured into 
the flask. This procedure shall be re- 
peated at least six times, after which 
the washings in the flask shall be made 
up to 1 liter, mixed and allowed to 
stand five minutes. Then 500 mil. 
shail be poured off. 

Turbidity shall be determined by 
comparison with standards or by the 
_ Jackson candle turbidimeter. The 
greater the turbidity, the lower is the 
resistance to attrition. 


Sec. A2.3—Scheme C—Carbonaccous 
and Resinous Exchangers 


An alternate method has been de- 
signed for use with carbonaceous ex- 
changers. Those interested are re- 
ferred to the publication noted below.* 


Section A3—Resistance of Cation Ex- 
changers to Aggressive Attack 


Tests used and proposed by techni- 
cians are so far removed from normal 
water softening plant operations that 
results may not only be meaningless, 
but quite misleading, and may have no 


* Broperick, S. J. & Hertzoc, E. S. Ac- 


celerated Tests for Determination of Attri- 
tion Loss of Carbonaceous Zeolites. 


A.W.W.A., 34:94 (1942). 
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particular significance in relation to 
the durability of the exchanger in dif- 
ferent types of water. 

For example, some waters are ex- 
tremely low in silica; therefore the 
synthetic exchangers will not stand up, 
but will lose silica by dispersion. Dis- 
tilled water in connection with such ex- 
changers under standardized conditions 
will show pickup of silica from the 
exchangers. Other destructive factors 
occurring in water are, or may be, iron, 
manganese, variation of pH and high 
free CO,. Therefore, tests should be 
devised to measure these destructive 
forces, but further laboratory work 
will be necessary before adequate tests 
can be announced. 

The validity of the procedures here- 
inafter described is not yet fully estab- 
lished. 

To record definite procedures that 
can be used for comparison purposes 
only, five methods are suggested: (1) 
for low-pH conditions; (2) for high- 
pH conditions; (3) for conditions 
encountering excess of concentrated 
brine; (4) for conditions encountering 
deficiency of silica; and (5) for condi- 
tions contributing to the breakdown of 
organic exchangers. 


Sec. A3.1—Method A—Low-pH Con- 


ditions 


A3.1.1. Solutions: (1) A buffered 
solution, with a pH of 4.0, shall be 
prepared by taking 50 ml. 17/5 potas- 
sium acid phthalate (KHC,H,O,) and 


0.40 ml. J//5 sodium hydroxide 
(NaOH), and adding boiled and 


cooled redistilled water to make 200 
ml. (2) A 5 per cent solution of cp. 
sodium chloride (NaCl) (for regener- 
ating purposes). (See Supplementary 
Notes, page 478.) 

A3.1.2. Procedure: After thorough 
regeneration of the sample (using So- 
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lution 2) and rinsing, the material shall 
be air-dried and about 15 g. shall be 
screened out to 30-40 mesh (U.S. 
Bureau of Standards). Moisture con- 
tent shall then be determined (Sec. 10). 

Duplicate samples of this air-dried 
material shall be weighed out, each 
sample weighing 1.0 g. net (calculated 
on dry basis after making allowance 
for moisture content). Each sample 
shall be placed in a 4-0z. rubber-stop- 
pered oil-sample bottle (about 120 ml.) 
and filled with Solution 1. The bot- 
tles shall then be stoppered tightly and 
mounted on a rotating wheel, with the 
bottom of the bottles about 1 in. from 
the center. Rotation shall be for two 
hours at 17 rpm., with the room at 20° 
to 25°C. The supernatant liquid shall 
then be decanted and the residual ma- 
terial thoroughly rinsed with distilled 
water, being careful not to lose any of 
the exchanger grains. The washed 
material shall be transferred to a 
weighing bottle and shall be oven- 
dried and reweighed after the cooling. 
Finally, the percentage loss of weight 
on the 1.0-g. samples shall be calcu- 
lated as percentage weight loss due to 
aggressive attack under the test con- 
ditions. 


Sec. A3.2—Method B—High-pH Con- 
ditions 


A3.2.1. Solutions: (1) A buffered 
solution, with a pH of 9.0, shall be 
prepared by taking 50 ml. 17/5 boric 
acid (H,BO,), 50 ml. potassium 
chloride (KCl) and 21.30 ml. M/5 
sodium hydroxide (NaOH) made up 
to 200 ml., and adding distilled water 
as described in Method A_ (See. 
A3.1.1). (2) A 5 per cent solution of 
cp. sodium chloride (NaCl) (for re- 
generating purposes). 

A3.2.2.. Procedure: The procedure 
described under Method A_ (Sec. 
A3.1.2) shall be followed. 
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Sec. A3.3—Method C—Conditions En- 
countering Excess of Concentrated 
Brine 
A3.3.1. Solutions: (1) Boiled and 

cooled redistilled water. (2) A 25 

per cent solution of cp. sodium chlo- 

ride (NaCl) (for regenerating pur- 
poses ). 

A3.3.2. Procedure: The exchanger 
shall be regenerated with Solution 2, 
after which the procedure described 
under Scheme A (Sec. A2.1.3) sub- 
sequent to the end of the rotation 
period shall be followed. 


Sec. A3.4—Method D—Conditions En- 
countering Deficiency of Silica 
A3.4.1. Solution: (1) Boiled and 

cooled redistilled water. (2) A 5 per 

cent solution of cp. sodium chloride 

(NaCl) (for regenerating purposes). 
A3.4.2. Procedure: The procedure 

described under Method A_ (Sec. 
A3.1.2) shall be followed to the end 
of the rotation period, except that the 
sample shall be placed in Solution 1. 
Pyrex glassware shall be used. The | 
supernatant liquid and the rinsings of 
distilled water shall be decanted and 
saved. The silica in the liquid shall be 
determined and the loss from that of 
the original sample calculated. 


Sec. A3.5—Method E—Conditions 
Contributing to Breakdown of Or- 
ganic Exchangers 
A3.5.1. Solutions: Buffered solu- 

tions shall be prepared in a manner 

similar to those shown in Methods A 

and B (Sec. A3.1.1 and A3.2.1), but 

with varying amounts of 17/5 sodium 
hydroxide (NaOH) to give a range of 
pH values. 

A3.5.2. Procedure: The exchanger 
samples shall be tested in these solu- 
tions, employing the procedure de- 
scribed under Method D (Sec. A3.4.2), 
except that the supernatants and rins- 
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ings shall be analyzed for dissolved 
organic matter, employing the oxygen 
consumed tests as described in Standard 
Methods (page 122). The loss shall 
be related to the total organic matter as 
run on a sample of original material. 


Section A4—Porosity 


No published data are as yet avail- 
able to indicate a definite quantitative 
relationship between the porosity of 
different exchangers and their practical 
operational behavior. These proce- 
dures are included in order to make 
available a standardized basis upon 
which such characteristics of ex- 
changers can be studied. 


Sec. A4.1—Detailed Method 


A4.1.1. Pore Volume and Porosity: 
The pore volume of a given quantity 
of granules can be expressed by the 
following equation : 

Pore Vol. = Exchanger Vol. — Void Vol. 

— Displ. Vol. of Solid. . (1) 
and the porosity can be expressed as 
a percentage of the actual summation 
volume of the individual granules, ex- 
cluding the void space between them, 
as indicated in the following equation: 


% Porosity 


Pore Vol. 
— 
Vel. + @) 


Unfortunately, it is difficult to define 
and measure some of the quantities on 
the right side of the equation, 

A4.1.2.. Exchanger Volume: The 
volume of the exchanger unit can be 
determined with a considerable degree 
of precision by several different tech- 
niques which give values over a range 
from a minimum dry volume to a 
backwashed and drained volume. The 
difference between these two extremes 
for materials that swell upon immer- 
sion may be as great as two- or three- 
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fold, and it becomes a matter of defini- 
tion which reference state shall be 
selected in this large possible volume 
range. 

A4.1.3. Void Volume: The volume 
of void space between the granules 
varies, of course, with the type of ex- 
changer volume arrangement selected. 
It is also difficult to define the point at 
which fissures in the granules should 
be regarded as void space instead of 
pore space. Various techniques of 
distinguishing between the void space 
and pore space have been described in 
the literature, but the methods are 
complicated and are inevitably limited 
by the difficulties of definition. 

A4.1.4. Displacement olume: 
When the solid granules are immersed, 
the displacement volume is relatively 
easy to determine and remains constant 
regardless of the techniques used for 
defining the exchanger volume and the 
void space. A convenient apparatus 
for determining the displacement vol- 
ume is shown in Fig. 6. To operate 
this apparatus, about 1§ to 3 times 
the amount of water necessary to im- 
merse the sample of solid granules, 
whose displacement volume is to be 
measured, is first introduced into the 
large burette. All air bubbies below 
the water level are removed by raising 
and lowering the dropping funnel 
slowly two or three times. The level 
of water is then adjusted just at the 
bottom of the stopcock in the dropping 
funnel. The stopcock is then closed 
and the water level in the burette re- 
corded. Next, the sample of granular 
material is introduced into the water 
in the burette. All air bubbles are 
removed again by raising and lower- 
ing the dropping funnel in such a way 
that a series of backwash treatments 
are carried out. ‘This process is re- 
peated over a period of time until con- 
secutive readings of the final water 
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level in the burette become constant. 
In taking the readings of the water 
level plus the immersed solid, the level 
of the water in the dropping funnel is, 
of course, adjusted just at the base of 
the stopcock as in the initial measure- 
ment. 

With such equipment, it is possible, 
with the single volume of water, to 
backwash a layer of granules until all 
the air bubbles have been removed. 
The displacement volume of the solid 
is given by the difference between the 
level of the water at the start and that 
at the conclusion of the backwashing 
process. 

A4.1.5. Quantitative Porosity Rela- 
tionships: No data are available to 
give quantitative relations between the 
porosity of different materials and their 
practical operational behavior. In 
general, the more porous materials are 
regarded as presenting a greater reac- 
tive surface to percolating solutions; 
hence, it would be expected that they 
would exhibit a higher capacity within 
a practical time limit. The more po- 
rous materials may, however, be more 
fragile and may undergo more serious 
disintegration in long-term operation. 
Similarly, the more porous materials 
are regarded by some as more subject 
to being rendered inactive because of 
clogging of the surfaces with fine par- 
ticles of suspended solids. Hence, in 
addition to the difficulties of defining 
and determining porosity, there is some 
question even as to its theoretical sig- 
nificance in relation to practical opera- 
tion of granular materials in percola- 
tion cycles. 

A4.1.6. 


Quantitative Porosity Meas- 


urements: Of the various quantities 
related to porosity, the minimum dry 
volume (MDV) and the backwashed 
and drained exchanger volume (B&D 
Vol.) measurements and the displace- 
ment volume 


measurements can be 
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Apparatus for Displacement 
Volume Determinations 


made with the greatest facility and 
accuracy. Since uniformly sized gran- 
ules of the same general character, in 
a given type of volume arrangement, 
possess the same void space, it seems 
likely that a given quantity of porous 
materials exhibits relatively small dis- 
placement volumes, e.g., a synthetic 
siliceous exchanger gave a displace- 
ment volume of 27 per cent of its mini- 
mum dry volume while relatively non- 
porous materials gave displacement 
volumes as high as 100 per cent of their 
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minimum dry volume. The two quan- 
tities can be described by the following 
equations : 

Displ. Vol. 


Displ. Vol. (MDV) = — 


as 
Mbv !00-@) 


or: 


% Pores (MDV) + Voids 
= 100 — % Displ. Vol. (MDV) 
_ MDV = Displ. Vol. x 100 


and: 


Displ. Vol. 
Displ. Vol. (B&D) = 


100.(5 
B&D Vol. (5) 


or: 


Pores (B&D) + Voids 
= 100 — ‘; Displ. Vol. (B&D) 
_ B&D Vol. — Displ. Vol. 


x 100. . (¢ 
B&D Vol. 


A4.1.7.. Practical Application of 
Data: It will undoubtedly be some time 
before data of this character can be 
related to the practical operational be- 
havior of various samples of material 
in the field. A convenient means of 
following porosity characteristics on 
the basis of simple accurate measure- 
ments, however, is provided in the 
technique described, and a mass of 
routine measurements in the future 
should serve to establish its significance 
in testing the quality of granular media 
in field use. 


Sec. A4d.2—Short Method—Alternate 
No. 1 


About 40 ml. of oven-dried ex- 
changer shall be poured into 50 ml. 
water in a 100-ml. graduate. The ma- 
terial shall be agitated thoroughly. 
Sufficient time shall be allowed for the 
water to enter the pores, for the re- 
leased air bubbles to escape and for the 
water to cool off to room temperature 
again (placing dried exchanger in wa- 
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The volume 


ter raises temperature). 
of water displaced by the dried ex- 
changer shall be assumed to represent 
the absolute volume of exchanger (ex- 
clusive of interstices and pores). 

The adhering moisture from this wet 
exchanger shall then be removed by 
means of air-drying, being careful, 
however, to avoid excessive drying 
which would again remove some of 
the moisture from the pores. This 
exchanger with moisture-filled pores 
shall then be placed in 50 ml. water in 
a 100-ml. graduate. In this case the 
volume of water displaced equals ab- 
solute volume of exchanger plus pore 
volume. 

To obtain the volume of pores, the 
absolute volume previously obtained 
shall be deducted from this absolute 
volume plus pores: 

Pore Vol. 


Abs. Vol. + Pores mA 


% Porosity = 


Sec. A4.3—Short Method—‘Wet- 
? 


down” Density—Alternate No. 2 
A4.3.1. Procedure: A 100-ml. grad- 


uate shall be weighed on a_ balance. 
50 ml. water shall be added and about 
50 ml. of material “as received” poured 
in slowly. The material shall then be 
stirred well, tamped and_ weighed. 
Volume of wet material in graduate 
and total volume of water plus mate- 
rial shall be noted. 

A4.3.2. Calculation of Wetdown 
Density: Wetdown density shall be 
calculated as follows: Let a = weight 
of graduate, empty, and b = weight of 
graduate filled; then (b — a — 50) = 
weight, in grams, of sample taken 
(W). Also, let V = volume occupied 
by sample under water; then IV7/V = 
specific gravity of sample in place, and 
W/V xX 62.4 = pounds of material “as 
received” to give 1 cu.ft. in place. 
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A4.3.3. Oven-Dried Samples: A 
similar determination shall also be 
made on oven-dried samples and the 
result recorded as the weight per cubic 
foot of the material on a 105°C. dry 
basis. 


Sec. 7.2—Air-Drying Procedure: The air- 
drying procedure outlined in Sec. 7.2 of the 
manual may also properly give attention to 
the following requirements: room tempera- 
ture shall be maintained at 70°F. + 10°F.; 
humidity shall be determined and _ noted, 
avoiding test under extreme atmospheric 
moisture conditions; drafts shall be elimi- 
nated. 

Sec. 15.11.2—Capacity as Received: The 
rinse rate of flow or length of rinse (in 
time) shall be as required for the type of 
exchanger used or as called for in general 
specifications for particular installations. 
These approximate: for greensand, 20-25 
min.; for high-capacity greensand, 35-40 
min.; for carbonaceous and resinous ex- 
changers, 40-45 min.; and for synthetic ex- 
changers, 55-65 min. 

Sec. 17.3.2—Silica: The largest and most 
troublesome error in the silica determination 
is the one due to the solubility of the SiO, 
in the HCl. The amount of freshly precipi- 
tated SiO, that dissolves in HCI depends on 
the following conditions: (1) the amount of 
acid present; (2) the strength of the acid; 
(3) the temperature; and (4) the length of 
time the silica is in contact with the acid. 
There may be other conditions governing the 
solubility of SiO, in HCI, but these seem to 
be the principal ones. By far the most im- 
portant is the amount of acid used. Most 
chemists use acid of about the same strength 
to treat the dehydrated silica. The assays 
are brought to a boil, insuring the same tem- 
perature, and are boiled for a fairly uniform 
length of time. Few, however, consider the 
importance of using a definite amount of 
acid. When a small amount of SiO, is 
present, the amount dissolved is proportional 
to the quantity of acid solution present and 
not to the amount of SiO, in the sample. 
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A4.3.4. Swelling: Materials that 
exhibit swelling tendencies shall be 
checked at intervals after the start of 
the soaking period and the volume 
shall be determined when swelling has 
ceased. 


Sec. 17.3.3—Alumina: (a) The precipita- 
tion of aluminum hydroxide is complete be- 
tween pH 7.0 and 7.5. Indicators showing 
an alkaline reaction at 7.0—7.5 should be used. 
With a pH exceeding 10, the hydroxide is 
appreciably soluble, aluminum later appear- 
ing with the calcium and magnesium pre- 
cipitates. 

(b) Since the carbonate is precipitated by 
addition of lime in the distilling flask, the 
freshly distilled ammonia is best kept in a 
ceresine or paraffin bottle. It will then re- 
main free from silica, which it invariably 
contains when confined in glass bottles. 

(c) It is advisable to filter as soon as 
possible after making the precipitation of 
AI(OH),;. Long heating of the mixture 
containing the aluminum precipitate is ob- 
jectionable because: (1) The solution is apt 
to become acid, due to the decomposition of 
ammonium salts and the volatilization of 
ammonia. (2) The precipitate will become 
slimy and will be difficult to wash and filter ; 
it is preferable to redissolve and again pre- 
cipitate if this condition occurs. (3) The 
CO, of the air is apt to be absorbed by the 
solution, causing the precipitation of calcium 
carbonate, etc., if the solution is exposed for 
any length of time. (4) Silica from the 
beaker will contaminate the precipitate. 

(d) Washing the precipitate with am- 
monium nitrate prevents the aluminum from 
passing through the filter and keeps it from 
packing. It favors the formation of the in- 
soluble hydrogel form of the hydrate while 
preventing the formation of the soluble hy- 
drosol. 

Sec. A3.1.1—Solutions: If cp. sodium chlo- 
ride is not used for regeneration of samples, 
an analysis of the salt used shall be made 
by accepted methods and the analysis re- 
corded; or an analysis of the brine shall be 
made and recorded. 
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ONE LITTLE GIRL 


A little girl was dead. That was the news 
—just one little girl. Three days ago only a 
few people knew the name of this little girl. 
Yesterday there was no one in this country 
and few in other civilized countries who had 
not heard of 3-year-old Kathy Fiscus of San 
Marino, Calif. Millions upon millions fol- 
lowed this heartbreaking story as they did 
no other news of the day. This morning those 
millions share the grief of Kathy’s parents. 

Yet even Kathy's father and mother must 
have felt that something like a miracle of 
human compassion had taken place. Their 
little daughter had suddenly become a sym- 
bol of something precious in all our lives. 
The world is overladen with great problems. 
Two great wars and many smaller ones have 
cost the lives of multitudes, including little 
girls just as dear to their parents as Kathy : 
was. But we still know, even if the mad 
theorists at the other side of the world do 
not, that one life—-one tiny life—-is beyond 
price. Kathy came close to our hearts and 
made us one. A splendor of unselfish emotion 
lit her path as she went from this earth. 


This editorial appeared in the New York Times on April 11, 1949, after rescue 
workers had reached little Kathy Fiscus and her fate had been learned. It offers 
better evidence than the language at our commana to indicate how the whole civilized 
world stood in sympathetic companionship with our fellow member, David Fiscus, 


and his wife. 
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2 PERCOLATION AND RUNOFF 


Vol. 41, No. 5 


Glamour has never been one of the strong points of the water 
works industry, but, with the unsolicited aid of some of Hollywood’s shini- 
est screen stars, it may yet offer us salvation from the pressing problems of 
low rates and high consumption. In any event the recent report that film- 
land’s favorites have quit the tap and hit the bottle for their drinking water 
carries with it the promise that every loyal fan will ban the faucet faithfully 
znd forthwith. And therein hangs our hope. 

The obsolescence of Screenville’s taps came in a virtual inundation of 
bottled waters, fortified with vitamins, minerals, chemicals and a host of 
other helps to health and happiness. And, by now, an enterprising actress, 
one Theodora Lynch, has dropped a noose around a large part of the 
market with a “real” glamour water all but guaranteed to glorify the puss 
of every purchaser. Bottled in Hereford, Tex., “the town without a tooth- 
ache,” this latter supply, according to “medical experts,” is loaded with 
fluorine, calcium, potassium and phosphate, which cannot fail to give every 
star the pretty smile and good teeth characteristic of the 7,000 humans and 
unnumbered horses of Hereford. Delivering a $1.25 five-gallon jug twice 
a month direct from the property she recently bought in the Texas town, 
entrepreneuse Lynch has virtually assured the permanence of her project 
by selling her elixir to such style-setters as Joan Crawford, Dick Haymes, 
Bonita Granville, Joan Davis, Lou Costello (sans, however, Abbott) and 
Kirk Douglas. 

With such auspicious acceptance at the fount of fad, we cannot doubt 
that the clamor for glamour will soon resound from coast to coast. “Thus it 
behooves us at once to take an inventory of the consequences: 


First, of course, we can count on an immediate reduction of consump- 
tion. No longer will our thirsty public waste a gallon or two to get a glass- 
ful from our taps. And with summer coming that should provide a sig- 
nificant amount of relief. 

Second, although the rates for the tap supplies will remain essentially 
unaffected, major relief should be provided by the opportunity offered wa- 


(Continued on page 4) 
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Barrett* Waterworks Enamels are manufactured specifically 


Materials and Application to fulfill the service requirements of the water industry. 
They neither flow nor sag in temperatures as high as 160°F.; 
Procedure for nor do they crack in temperatures as low as 20° below zero. 


Moreover, Barrett enamels possess sufficient 
TH F WAT FR IN DUSTR | ES flexibility and ductility to accommodate the 
“breathing” of the pipe, and to withstand the weight 
of the backfill when the pipe is not full of water 
When used to line the inside of a pipe, Barrett enamel prevents 
tuberculation, thus enabling the pipe to maintain its 


original capacity. The Hazen-Williams coefficient of flow 
can be increased from 100 to 150 by coating with Barrett 


enamel. Thus, 50% more water can be put through the pipe 


with the same expenditure of horsepower. 


The Barrett organization will be glad to advise 


you on any pipe coating problems. 


When Barrett enamels are used, no 

loss of bond occurs at the inter-faces 

of steel, primer and enomel. THE BARRETT DIVISION 
ALLIED CHEMICAL & DYE CORPORATION 

40 Rector Street, New York 6, N.Y. 


Reg. U. S. Pat. Of. 
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PERCOLATION AND RUNOFF Vol. 41, No.5 
(Continued from page 2) 


ter works to bottle a portion of their supplies for sale at glamour prices. 
It is almost certain that the Hereford fan clubs, for instance, will want to 
import their water from Hollywood; that rabid residents of Podunk will 
want New York City water; and so on ad pecuniam. 

Third, if Miss Lynch is successful in her further exploitations, which in- 
volve incorporating her Hereford supply in toothpaste, soft drinks and cold 
cream, water works men will have still another remunerative field in which 
to market their own distinctive products. 

All in all, the possibilities are about as stupendous and magniloquent 
as anything we've seen come out of Hollywood for a long time. And if 
cynics insist on pointing out that our earlier excitement about milk and 
champagne baths came to naught, we can pooh-pooh their pessimism with 
aplomb. After all where could fans get milk or champagne for two bits a 
gallon, and how could anyone check up on their use of it? No, this is dif- 
ferent, and we're already thinking in terms of glamour by the gallon. 


Never necromantic, \Villing 
Water has suddenly become neck- 
romantic in his newest application, 
decorating the hand-painted cravats 
of various and sundry Southwest 
Section members who are following 
the fashion of Jimmy Highfill of 
Springdale, Ark. It was Jimmy who 
took due note of the functional fig- 
ures festooning the neckwear of his 
local business associates and applied 
the talents of the artist to hanging a 
faithful facsimile of Willie around 
his neck. The stir he caused at the 
last Oklahoma Short School sent 

other members shopping for telltale 

ties of their own. Thus Mrs. Billie 
Maestri of 709 W .Emma Ave., Springdale, is by way of becoming official 
Willie worker of the Section. Having begun her illustrating for her own 


amusement, she is by now doing a land-office business, reproducing as 
many as five Willing Water wonders per tie at a standard price of $7.50. 

Meanwhile, up at Canadian Section headquarters, the selfsame Willie 
has teamed up with Secretary Berry to tell and sell the story of A.W.W.A. 
membership benefits to water workers throughout the Dominion in a 
broadside of lively logic. 


(Continued on page 6) 
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(Continued from page 4) 


Babbitt and Doland’s Water Supply Engineering has been published 
by McGraw-Hill Book Co. in its new, fourth edition ($6.50). The ten 
years that have elapsed since the last edition have seen many new develop- 
ments in the field, and the authors have revised their text thoroughly to 
take them into account. They have also recast their approach to emphasize 
what they call functional rather than structural procedure—practical appli- 
cations rather than theoretical design. The result is that much theoretical 
development of hydraulics, financing, pumping equipment and_ similar 
topics has been omitted and supplanted by applications of the basic principles. 


Publication of the American Standard Plumbing Code by APHA and 
ASME under ASA standardization procedure has been announced. The 
code gives mimimum safety and health requirements for the design, instal- 
lation, inspection and performance of plumbing systems, including water 
supply, distribution, drainage and venting systems. Extensive researches 
were conducted and various codes, laws and ordinances were reviewed in 
the development of the document. Copies are available at $2.50 each from 
the American Society of Mechanical Engineers, 29 W. 39th St., New York 
18. 


More than 900 copies have been distributed since publication last 
year of the Jnventory of Water and Sewage Facilities in the United States, 
but copies may still be obtained from the Officer in Charge, Environmental 
Health Center, Public Health Service, 1016 Broadway, Cincinnati 2, Ohio. 
A massive document which lists the facilities of all incorporated places of 
over 100 population and unincorporated places of over 500 population, the 
inventory serves also as a source of current information on basic sanita- 
tion needs. Details on sources of water, type of treatment plant, sewerage 
facilities and method or extent of sewage treatment are included. The in- 
ventory was prepared by the staff of the center (formerly the Water and 
Sanitation Investigations Station) at Cincinnati, in cooperation with state 
sanitary engineering divisions. 


Fresh off the press are the Proceedings of the fourth National Con- 
ference on Industrial Hydraulics, held in October 1948. Copies of the 154- 
page book may be obtained for $3 each from S. F. Musselman, conference 
secretary, at Technology Center, Chicago 16. The twelve papers included 
discuss such subjects as flanged joints, gaskets, packings and seals, hy- 
draulic surges, and various farm and industrial applications. 


(Continued on page 8) 
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FOR “FLEXIBLE” TOOLS 
AND EXPERIENCE line scraper at the end 


of its run. Sizes of pipe 
cleaned included 6’’, 
Another “snap” for the Album of “Flexible” Tools 
and Experience shows this run in the 12” water 
main on Jersey Avenue, New Brunswick, N. J. 
Work was carried through to completion in fast 
time, at low cost and with a minimum of incon-  y,,, pipe cleaniag 


855 Board of Trade 


801 E Excelsouwr Blvd 
Hopkins. Minn 


venience to water users. As in most “Flexible” 
operations, this New Brunswick job was taken on 
a 100 per cent contract basis. Depending, how- 
ever, upon customer option, “Flexible” also con- 
tracts tools and supervision, rents tools, or makes 
outright tool sales for all line cleaning require- 
ments. 


needs are important. It 

will pay you to check 

“Flexible” today on any 

basis—equipment, meth- 
ods, cost. 


FLEXIBLE UNDERGROUND PIPE CLEANING CO. 


9059 Venice Blvd., Los Angeles 34, California 


Roslindale 31, Mass — Pittsburgh 


PO Box 165 


New York Irvington. N Atlanta Memphis, Tenn 


P.O Box 694 


Lancaster Hamden. Conn 


Central Ave 


41 Greenway St 


: 
. 

x 

“a 
3: | 
4 


8 PERCOLATION AND RUNOFF Vol. 41, No.5 


(Continued from page 6) 


The cutieless calendar recently dispatched by Art Clark for the 
WSWMA ought to be adequate reminder that the Chicago Conference is 
virtually here. But, lest that be insufficient invitation: cast a glance at the 
technical program recently sent to all members; remember that Bill Or- 
chard and Joe Wafer have another entertainment treat in store for you; be 
advised that there will be 131 boothsful of new equipment on exhibit; oil 
up your reminiscences and look forward to a four-booth display of antiques 
including at least 50 pieces of equipment and a separate group of photo- 
graphs; and, finally, think about the opportunity offered for meeting up- 
wards of 2,000 water works men and their wives. We'll see you at the 
Stevens come May 29! 


The drought bout continues on a global front, uncovering weirder 
wonders in every round: 


At Rolle, Switzeriand, for instance, the level of Lake Geneva recently 
receded to so low a point that a marked stone on the lake bed made its first 
appearance since the dry spell of 1921, bringing to light the enigmatic in- 
scription: “When you see me, cry.” Old Rollers indicated that the words 
refer to the rigors endured during bygone droughts, but were uncertain 
whether the tears consequent had ever been adequate in volume to alleviate 
the situation. 

At Monroe, Ore., om the other hand, it was the fact that the water 
shortage of last winter was self-inflicted which invited more jeers than 
tears. For there it was that residents, fretful that their plumbing would 
freeze, left their faucets running so loud and long that they completely 
drained the reservoir. 

At Niteroi, Brazil, shortly thereafter, it was drought that discovered 
a candid milkman, who completely disarmed customers complaining of tad- 
poles in their milk by explaining that the water shortage had forced him to 
discontinue his normal practice of watering the milk at a fire hydrant and 
sent him to the nearest creek. 

At Essex County, N.J., meanwhile, where the drought was further ad- 
vanced, it was full-grown frogs which startled the populace, not in their 
milk, but riding the raindrops of the storm which broke the dry spell. And, 
though meteorologists contended that the precipitants were toads, not 
frogs, and that they had emerged from the ground rather than the sky, eve- 
witnesses who saw them bouncing on cartops and splattering the road are 
inclined to trust their sight more than science. 

Finally, at Bogota, Colombia, it was the puissance of prayer which 
discommoded the citizenry. There, after ten days of sec supplication for 
rain, Bogotans begot themselves an overdose of blessings and had to call 
out the army and the Red Cross to assist in fighting the flood that followed. 


(Continued on page 10) 
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This six-letter word stamped on a Water Meter signifies that you 
get the best in design, highest percentage of accuracy in regis- 
tration and the lowest in maintenance cost. You can’t go wrong 
when you specify 


HERSEY WATER METERS 
HERSEY MANUFACTURING COMPANY 


SOUTH BOSTON, MASS. 
BRANCH OFFICES: NEW YORK — PORTLAND, ORE. — PHILADELPHIA — ATLANTA — DALLAS — CHICAGO 
SAN FRANCISCO — LOS ANGELES 
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(Continued from page 8) 

Not so much “pigeons on the grass, alas” as pigeons on the roof, 
aloof, are what’s worrying persnickety public officials throughout the U.S. 
and driving them to new depths of craft and cunning in devising un- 
scrupulously unsubtle “No Parking” signs for their tine feathered friends— 
unwanted unhousebroken. Up in Albany, N.Y., for instance, some prac- 
tical joker has achieved respectability by contributing from his store of 
lore an electronic hotfoot more or less guaranteed to protect the august 
edifices and edifiers in the Empire State Capital against the uninhibitions of 
the winged worriers. How successful is this shock treatment, effected by 
intermittent electrical impulses through wires strung on the visitors’ van- 
tage points, we have not yet observed, but we understand it keeps them 
hopping, stopping dropping. 

California pigeon parking, on the other hand, has been found more 
persistent. Neither the trapping system devised at Los Angeles nor the 
stuffed-owl scarepigeons erected by San Francisco were in the least ef- 
fective in “reducing the nuisance.” Unsurprisingly undismayed by Cali- 
fornia’s experience, Florida’s Jacksonville city council recently voted a 
$4,500 appropriation to “have the pigeons trapped, executed and fed to city 
prisoners.” Although it is not certain whether this action is aimed pri- 


(Continued on page 12) 


EFFICIENT! EFFECTIVE! 


INKA is a new, highly effective type aerator developed] in Sweden. It’s main identifying feature 
is a perforated stainless steel “bubble board”. As a constant flowing sheet of water 
passes over the board, air is forced through the perforated holes resulting in a continuous 
layer, from four to eight inches high, of almost uniform, polyhedron-shaped bubbles. 


INKA has a greater contact time of water to air than any other type of aerator. It is highly 
recommended for removing aggressive carbon dioxide, volatile compounds imparting odor 
and taste, and for oxidation of iron and manganese before precipitation. 


INKA occupies a comparatively small area, is completely reliable and is easily designed to fit a 
variety of needs. 


Inquiries can be made through 


A. JOHNSON & CO., INC. 


American Office: International Bldg., 630 Fifth Avenue, New York 20, N.Y. 
TELEPHONE: PLAZA 7-2220 


= 
Page 
4 
| 
f 
| 
+ 
: ‘ 


May 1949 JOURNAL A.W.W.A. 11 


SERVICE e e e with a monkey wrench! 


To inspect or service a Ludlow Slide Gate Hydrant 
|, you'll need a wrench — that’s all. Just take off the 
top of the hydrant and lift out the stem, without 
unscrewing anything below ground. The entire mecha- 
nism, including the gate, bronze wedge nut and drip 
assembly is attached to the stem. 


LUDLOW FIRE HYDRANTS 


Shown here is the distinctive Ludlow List No. 90, now 
serving in thousands of cities and towns. It employs 
the famous Ludlow Slide Gate principle, and (in addi- 
tion to easy servicing) offers the following advantages: 


ure @ Quick Water with least possible shock and 
ey pressure loss. Proper shut-off without water 
hammer. 


Rolled Everdur 
Screw Stem @ Proper Drainage, automatically, at lowest 


point when closed. 


@ No Flooding. Wedge-locked when closed. 
Accidental breaking will not cause flood. 
Hydrant head breaks at ground line — is 
easily replaced without excavation. 


LUDLOW AWWA DOUBLE DISC GATE VALVES 


The parallel seated, double wedge type slide gate valve, 
developed and perfected by Ludlow, provides a number 
of essential benefits. 


@ Smooth, Positive Operation. Gates positioned 
directly opposite ports before wedging, and 
entirely unwedged before being raised. 


@ Positive Closure. Even after years of service in 
the open position; flexible-action gates self- 
adjusting to seats. 


@ Simplicity! Only 2 parts in the wedging mecha- 
nism! These are extra heavy with ample reserve 
strength and wear resistance for years of con- 

stant service. 


Made in sizes from 2” to 72”, N.R.S. and O.S.&Y. with 
all types of connections. 95-S 


LUEZDW VALV 
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(Continued from page 10) 


marily at the pigeons or the prisoners, it must in any case be deemed “cruel 
and unusual punishment” of one or the other. But it is in staid old Boston, 
home of the black bowler hat, that the most insidious inspiration has been 
at play. There we find direct descendants of our puritan progenitors 
feeding the birds a gin-spiked mash in an endeavor to dizzy them off their 
perches or at least to corrupt their coordination. 

What terrors of turpitude will next be revealed in this’ bird-brain 
battle we dare not imagine, but we have reason to believe that the still secret 
system employed at Washington, D.C., will turn out to be the goriest as well 
as the most effective. Latest reports, at least, indicate that even the dove 
of peace hasn't vet risked a landing there. 


Bird-burdened are New Yorkers, tow, with a triple-threat nest of 
pigeons, sparrows and seagulls in their hair. And although they have more 
or less consented to abide the excesses which attend both pouting and chirp- 
ing, they have felt the necessity of drawing the line at the indiscretions of the 
winged wave-riders who dot the surface of the city’s billion-gallon capacity 
Central Park Reservoir, providing, as it does, the drinking water supply 
of approximately a million metropolites. Thus, each morning, Ciro F. 
Russo, operator of the reservoir’s chlorination plant, lets loose an ear- 
piercing blast on his trusty shotgun. Only trouble is gulls ain’t gullible, 
so, though they usually oblige with a five- or ten-minute soar, they don’t 
even bother to await Russo’s departure before returning to their roost. 
Since aiming his blunderbuss would be illegal and since aiming it ac- 
curately would undoubtedly add more pollution than it subtracted, Russo 
has resigned himself to the task of overcoming rather than preventing the 
contaminative contributions of his web-footed wards. Meanwhile, water 
department officials, who won an easy victory over various and sundry 
human polluters merely by erecting a fence, are by now becoming fed up 
with getting the bird and may well consider the more drastic defenses of 
roofing or relocation. Whatever the decision, contiguous consumers won't 
be unhappy to see the gull gall go. 


Less pertinacious than a gull was one Il. A. May of Monroe, La., 
who recently descended upon the Millburn, N.J., reservoir of the Common- 
wealth Water Co. in his two-seater seaplane. Forced down by weather 
conditions, May found he could not take off again because of a leak in his 
pontoon, so left his plane there for the night. It really didn’t require the 
urging of Roswell Roper Jr., in charge of the water reserve, and the police- 
men he had summoned to speed May’s departure, for, obviously, he was a 
migratory bird, headed for Quincy, Mass. Besides, the Commonwealth wa- 
ter isn’t as soft as the New York supply. 


(Continued on page 14) 
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(Continued from page 12) 


Sol Pincus, New York consultant engineer, has gone to Geneva, 
Switzerland, where he will set up a section on environmental sanitation for 
the World Health Organization. Environmental sanitation was made one 
of the six top priority programs of the first World Health Assembly when 
it met in Geneva last summer. Past activities of Pincus include assignments 
with the U.S. Public Health Service and with the New York City Dept. of 
Health, in which he served as Deputy Commissioner from 1935 to 1947, di 


recting sanitary engineering and food control activities. 


Wild Bill’s the monicker, and if you 
don't think he’s the rootinest-tootinest water 
works man this side of the border, take a 
squint at the “pitcher.” That bronco he’s 
astride is just one of the many he busted so 
hard he like to killed ‘em. And you better not 
say nuthin about that bow tie, cuz Bill ain’t no 
slouch with his six-shooter neither, even if he 


keeps it under cover these days. 

Seriously, though, we've been glad to note 
that our friend Bill Birch is flourishing under 
the strong, if intermittent, influence of the 
Arizona sun and he'll be back from his frontier 
vacation in time for the Chicago Conference. 
Thus, we'll leave to him the telling of such tales 
as the jaunt to Superstition Mountain and the 
steak dinner in a cactus and sky dining room. 


Robert D. Wright of the Lynchburg, Va., water department, has 
been advanced to the post of superintendent. Previously his title had been 


acting superintendent. 
(Continued on page 18) 


BOND-O is machine-blended for 
absolute uniformity and contains a 
germicide to inhibit oxidation by 
sulfur bacteria. BOND-O Rubber 
Packing Gaskets are resilient—bac- 
teria-free and quickest of all pack- 
to install. Made in sizes 4’’ 
to 60”’. 


A safe and dependable self-caulking, 


self-sealing compound for jointing (A 
water mains. Used with complete \ . NORTHROP & COMPANY, INC. 


confidence by hundreds of water 
works. 


SPRING VALLEY, N. Y. 


e Every Bond-o Joint is a Good Joint e 
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FOR HORIZONTAL METER SETTINGS 
ia Hose Quarters 


With the Ford Linesetter, meters may be 
set close to walls or floors, inside, out- 
side or in meter boxes without warping 
or bending service pipes. 


At the same time, the Linesetter provides 
a permanently aligned, properly spaced, 
electrically bonded opening for the 
meter. 


FORD 


LINESETTER 


Send for detailed 
information and 
the complete 
Ford catalog 
No. 50—FREE. 


THE FORD METER BOX COMPANY, INC. F 


FOR BETTER WATER SERVICES 


Wabash, Indiana 
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Ask DETROIT About 


In 1854—ninety-five years ago—Detroit laid her 
first 6-inch cast iron pipe. Of all the 6-inch cast 
iron pipe laid from that date, 96.22 is still in service. 

Fourteen years earlier, in 1840, Detroit laid her 
first 8-inch cast iron pipe and 97% of all the 8-inch 
cast iron pipe laid during the past 109 years is still 
in service. A portion of a 10-inch cast iron trans- 
mission line laid in 1838 is still in service. 

Detroit is one of the cities included in the survey 
of “Survival and Retirement Experience with Water 
Works Facilities,’ including cast iron water mains, 
conducted under the auspices of the American 
Water Works Association, the New England Water 
Works Association and the Institute of Water Sup- 
ply Utilities. The recently published report of the 
findings of the survey shows that 96% of all 6-inch 
and larger cast iron water mains ever laid in 25 
representative cities are still in service. 

Detroit’s experience with cast iron water mains, 
therefore, while remarkable, is not exceptional. 

We shall be glad to 
send on request a copy 
of our brochure **Sur- 
vival and Retirement 
Experience with Cast 
Iron Water Mains,”’ re- 
printed by permission. 
Address Cast Iron Pipe 
Research Association, 
Thomas F. Wolfe, 
Engineer, 122 South 
Michigan Avenue, 
Chicago 3, Illinois. 
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(Continued from page 14) 


Further information is now available on the Cedar Rapids, Iowa, 
water works superintendent’s position announced in the February JOURNAL 
(P & R, p. 18). Requirements are an engineering degree plus ten years’ 
experience or a B.S. degree plus twelve years’ experience. Age range 30 
to 50 years; starting salary, $6,000 to $7,500. Apply Civil Service Com., 
City Hall, Cedar Rapids for applications and information. Deadline, May 


20, 1949. 


P. S. Wilson has added to his activities the representation in the 
New York area of the Atlas Mineral Products Co. 


William T. Ingram, formerly engineering field associate for the 
American Public Health Assn., has been appointed associate professor of 
public health engineering at New York Univ. College of Engineering. His 
recent activities with A.P.H.A. included extensive studies of public health 
engineering administration and sanitary training facilities throughout the 
United States. It is expected that his studies, added to his eighteen years 
of engineering experience, will further the development of professianal 
training for sanitary and public health engineers. 


(Continued on page 20) 
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Proven 
Performance 
Beats 
Promises 


Do you know of any other Fire Hy- 
drant with as long a record of de- 
pendable service as the Kupferle? 


Send for Spectfication Sheets 
JOHN C. KUPFERLE FOUNDRY CO. 


KUPFERLE 
FIRE HYDRANTS 


Actual Users—THE BEST PROOF OF ALL— 
Prove our claims that Everson SterElatorS are 
DEPENDABLE - SAFE - EFFICIENT 
Easy to operate at LOW MAINTENANCE COST. 
Everson SterElatoS METER-MIX-FEED Chlorine 
accurately for all water SterElizinG requirements. 
Furnished for manual or automatic operation. 


Everson SterElatorS utilize a high vacuum. 
The cues 8+ LOW METERS have a 10to | ratio. 
for list of installations. 


SierplatorS 


EVERSON manuracrunin 
221 West Huron Street, Chicago 10, Illinois 
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HYDRO.-TITE 


FOR IMMEDIATE DELIVERY 
AND PERMANENT JOINTS 


Hydro-tite, the self-sealing, self- 

caulking, jointing compound can 

be supplied promptly in any quan- 

tity at any time from our warehouse 

stocks strategically located through- 

out the United States and Canada. F ATER PIPE JOM 
Over thirty years of use has proved HYDRAULIC 
that pipe joints made with Hydro- 

tite, stay tight. Send for data 

book and sample. 


_ ALWAYS USE FIBREX 


The sanitary, bacteria-repellent 
paper packing that is used like 
braided jute. Seventy pounds of 
Fibrex takes the place of one hun- 
dred pounds of braided jute, with 
proportionate savings in cost. Send 
for sample. 


HYDRAULIC DEVELOPMENT TION 


Main Sales Office: 50 Church St., New York, N. Y. 
Works: West Medford Station, Boston, Mass. 
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(Continued from page 18) 


Short courses for water and sewage works personnel to be given 
shortly include one to be held from June 29 to July 1 at Louisiana State 
Univ., Baton Rouge—the twelfth in the annual series sponsored by the 
university’s General Extension Div. in cooperation with the state board of 
health and Louisiana Conference on Water Supply and Sewerage. Another 
school, on sewage works only, will be held at State College, Pa., June 13-17, 
and will feature elementary, intermediate and advanced courses. Informa- 
tion is available from H. G. Pyle, Extension Service, State College, Pa. 


New Jersey appointments to the State Water Policy and Supply 
Council, recently announced by Gov. Driscoll and confirmed by the State 
Senate, include Roswell M. Roper, engineer and general manager of the 
East Orange Board of Water Comrs., and Max Grossman, assistant super- 
intendent and engineer of the Atlantic City water department. 


Edwin J. Lame, vice-chairman of the board of R. D. Wood Co., 
died at his home in Wynnewood, Pa., on March 26th, after a brief illness. 
He had entered the employ of the company in 1887 as an office boy and rose 
to the post of vice-president, which he held from 1918 until 1947. He re- 
signed that office in the latter year to become vice-chairman of the board. 


Holiday Spring, a brook that babbles only when it is assured of an 
Located just 


appreciative audience, is one of our favorite phenomena. 
south of Syracuse, N.Y., in the state-owned recreation area around Green 
Lake, this manifestation of geologic exhibitionism owes its appellation to 
the mystifying fact that it flows only on Sundays and holidays. Impossible 
to chart are the fabulous flights of fancy enjoyed by imaginative observers. 
And more than rife, their speculation has an unmistakable aura of romance 


—an aura we've always endeavored to cultivate. 
How then can we accept as more than idle iconoclastic inference the 


disillusioning data offered by so mundane an eyewitness as Arthur Clark, 


* who attempts to explode the entire enigma with the explanation that a silk 
mill half a mile away, which obtains its water supply from deep wells, draws 
down the ground water level on working days to an extent which prevents 
the spring from flowing? Phooey! say we. Who ever heard of a mill 


made of silk ? 


James R. Brown has resigned as Vice-President in charge of 
sales promotion for National Water Main Cleaning Co. to accept a position 
with the Trojan Tool Equipment Co., Chicago, Ill. The company is 
the exclusive distributor for Flexible Sewer-Rod Equipment Co. in the 


Midwest. 


(Continued on page 22) 
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adger Meters are the 


best... when we buy more 


they will be Badgers” 


A waterworks superintendent 
wrote this, and went on to say: 
“Our average dead meters for a 
year was only 7 per month... 
about as low an average as I know A- SOT (for cold climates)... 
of. Your city cannot go wrong sizes 4g" to 114"... other models 


buying Badgers”. in sizes up to 12". Write for com- 


Millions of satisfied users of Bad- plete information and prices. 
ger Meters in over 5000 commu- 
nities prove that “It Pays to BUY 
BADGER” . . . unmatched in pre- 
cision-construction, durable mate- 
rials, and sustained accuracy, at 
lowest operating cost. 


You will find a Badger Meter size 
and type for every waterworks serv- 
ice. Shown here are Model $C-SOT 
(for warm climates), and Model 


BE SURE TO SEE THE 
BADGER METER EXHIBIT 
at the AW WA Convention 
BOOTH 27 and 28 


BADGER METER MFG. CO. 


Milwaukee 10, Wisconsin 


BRANCH OFFICES: 
New York City © Philadelphia © Worcester, 
Mass. Savannah, Ga. Cincinnati Chicago 
Kansas City, Mo. ® Waco, Texas 
Salt Lake City, Utah © Portland, 
Ore. @ Seattle, Wash. @ Los Angeles 


ACCURACY - LOW-COST MAINTENANCE - DURABILITY - SENSITIVENESS 
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A.W.W.A. 1949 ANNUAL CONFERENCE 


(Continued from page 20) 


The Great Gildersleeve being awarded an A.W.W.A. Membership 
Certificate (left) as Los Angeles commissioners R. A. Heffner, W. B. 
Himrod and Duncan Shaw look on. At right, Morris pours Gilder- 
sleeve a glass of that magic stuff. 


Radio’s water commissioner, the Great Gildersleeve, received an 
A.W.W.A. Membership Certificate during ceremonies broadcast over the 
NBC network on Wednesday evening, March 23rd. After a half-hour of 
having “Mr. Morris, of the Los Angeles water department” held up to 
him as a model executive, the suffering water commissioner of mythical 
Summerfield discovered that Samuel B. Morris was more than a paragon 
for the delinquent to emulate. In his capacity of Past-President of the 
A.W.W.A., Morris bestowed the certificate on Gildersleeve (Hal Peary) 
as an expression of the membership’s appreciation of his work. 


W. M. Scott has retired as chairman of commissioners of the 
Greater Winnipeg, Man., Water District—a post he has held since 1920— 
and of the Greater Winnipeg Sanitary District. He continues to serve on 
both boards on a part-time basis. W. D. Hurst, while retaining his posi- 
tion as Winnipeg city engineer, succeeds to the chairmanship of both boards. 
Nathan S. Bubbis assumes the new post of acting general manager of the 
two districts, having been granted a year’s leave of absence from the Win- 
nipeg engineering department. 


John R. Purser Jr., president of Purser & London, of Charlotte, 
N.C., was recently awarded a 10 years’ service pin at a dinner honoring em- 
ployees and associates of Builders Iron Foundry. Purser & Long repre- 
sents the affiliated Providence companies—Builders-Providence, Omega 
Machine and Proportioneers—in North and South Carolina. 


(Continued on page 78) 
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| FREE LABORATORY SERVICE..SEND FOR THIS | 
| WATER CONDITIONING emeneien SHEET! | 


Get our Water Analysis Sheet, then 
fill in and return it with a somple. 
You will receive our laboratory anoly- 
sis and report promptly. A valuable 
INFILCO CHEMICAL CALCULATOR 
slide rule sent FREE to all who re- 
turn it. There's no cost or obligation. 


WORLD'S LEADING MANUFACTURERS OF WATER CONDITIONING AND WASTE TREATING EQUIPMENT 


JOURNAL A.W.W.A. 


TYPE E4 


Dry Chemical Feeder 


NFILCO’S new TYPE E4 Feeder 

brings a new, high degree of 
sustained accuracy and efficiency to 
the feeding of dry chemicals. It rep- 
resents more than 25 years of con- 
stant development and perfection . . 
25 years of experience in the design 
and manufacture of Chemical Feed- 
ing Equipment for water purification 
and sewage or waste treatment oper- 
ations. You can expect the *E4”’ to 
feed many millions of pounds of 
chemicals with wnvarying accuracy 
and a minimum of upkeep cost. Ad- 
justing the feed rate is a quick, easy 
job. Simple, sturdy and compact, 
this better Feeder will give depend- 
able, dust-free service for years. Made 
for either constant rate or automatic 
proportional feed operation. May 
we send you complete information? 


AT THE A.W.W.A. CONVENTION.. 


See o demonstration of the many superior 
advantages of the new TYPE E4 Dry Chem- 
icol Feeder in BOOTH NO. 32 of the 
A.W.W.A. Convention — Stevens Hotel, 
Chicago, Moy 29th to June 3rd. 


© BETTER WATER CONDITIONING ® 
AND WASTE SINCE 


16, 24. 


Install the Sturdy, Compact 
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PROFESSIONAL SERVICES 


ALBRIGHT & FRIEL, INC. 
Consulting Engineers 


Water, Sewage and Industrial Waste Problems 
Airfields, Refuse Incinerators, Power Plants 
Industrial Buiidings 


City Planning Reports Valuations 
Laboratory 
1528 Walnut St. Philadelphia 2, Penn. 


BOWE, ALBERTSON 
& ASSOCIATES 


Engineers 


Sewerage—Sewage Treatment 
Water Supply—Purification 
Refuse Disposal—Analyses 

Valuations—Reports— Designs 


2082 Kings Highway 


110 Williams St. 
Fairfield, Conn. 


New York 7, N.Y. 


Cuas. B. Burpick Louis R. Howson 
Donatp H. MaxweE.u 


ALVORD, BURDICK & HOWSON 
Engineers 
Water Works, Water Purification, Flood 


Relief, Sewerage, Sewage Disposal 
Drainage, Appraisals, Powe, 


Generation 
Civic Opera Building Chicago 6 


BUCK, SEIFERT AND JOST 
Consulting Engineers 
(Formerly Nicholas S. Hill Associates) 
Warer Suppty—SewacGe Disposar— 
HypravuLic DEVELOPMENTS 


Reports, Investigations, Valuations, Rates, 
Design, Construction, Operation, Manage- 
ment, Chemical and Biological Laboratories 


112 B. 19th St., New York 3, N. Y. 


A. S. BEHRMAN 
Chemical Consultant 
Water Treatment 


Ion Exchange Processes and Materials 
Patents 


9 S. Clinton St. Chicago 6, Ill. 


BURGESS & NIPLE 


Civil & Sanitary Engineers 


Water Supply and Purification 


Sewerage and Sewage Treatment 


584 E. Broad St. Columbus 15, Ohio 


BLACK & VEATCH 
Consulting Engineers 
4706 Broadway, Kansas City 2, Mo. 
Water Supply Purification and Distribution; 
Electric Lighting and Power Generation, 
Transmission and Distribution; Sewerage and 
Sewage Disposal; Valuations, Special 
Investigations and Reports 


BURNS & McDONNELL 
ENGINEERING CO. 
Consulting Engineers—50 Years 
Water Works, Light and Power, Sewerage, 
Reports, Designs, Appraisals, Rate 
Investigations. 


Box 7088 Country Club P.O., Kansas City 2, Mo. 
Office: 95th & Troost Ave. 


CLINTON L. BOGERT 
ASSOCIATES 
Consulting Engineers 
Curnton L. Bocert Ivan L. 
J. M. M. Greta Ropert A. LIncoLn 
Donatp M. Dirmars ArtHuR P. ACKERMAN 


Water and Sewage Works 
Refuse Disposal Industrial Wastes 
Drainage Flood Control 


JAMES M. CAIRD 
Established 1898 
C. E. Cuirrron, H. A. BENNETT 
Chemist and Bacteriologist 
WATER ANALYSIS 
TESTS OF FILTER PLANTS 
Cannon Bidg. Troy, N. Y. 


624 Madison Avenue New York 22, N. Y. 
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CAMP, DRESSER & McKEE 
Consulting Engineers 


Water Works, Water Treatment, 
Sewerage and Wastes Disposal, 
Flood Control 
Investigations, Reports, Design 
Supervision, Research, Development 


6 Beacon St. Boston 8, Mass. 


GANNETT FLEMING 
CORDDRY & CARPENTER, Inc. 
Engineers 
Water Works—Sewerage 
Industrial Wastes—Garbage Disposal 
Roads—Airports—Bridges—Flood Control 
Town Planning—Appraisals 
Investigauons & Reports 
Harrisburg, Pa. 

Scranton, Pa. Pittsburgh, Pa. 


THE CHESTER ENGINEERS 


Water Supply and Purification, 
Sewerage Systems, Sewage and 
Industrial Waste Treatment, 
Power Development and Applications, 
Investigations and Reports, 
Valuations and Rates 


210 E. Park Way at Sandusky 
PITTSBURGH 12, PA. 


IVAN M. GLACE 
Consulting Sanitary Engineer 


Water Supply and Purification 
Sewerage, Sewage and Industrial 
Wastes Treatment 
Design, Construction & Supervision of 
Operation 
Laboratory Service 


1001 N. Front St. Harrisburg, Pa. 


CONSOER, TOWNSEND 
& ASSOCIATES 


Water Supply —Sewerage 
Flood Control & Drainage—Bridges 
Ornamental Street Lighting—Paving 
Light & Power Plants—Appraisals 


351 E. Ohio St. Chicago 11 


GREELEY & HANSEN 
Engineers 


Water Supply, Water Purification 


Sewerage, Sewage Treatment 
Flood Control, Drainage, Refuse Disposal 


220 S. State Street, Chicago 4 


DE LEUW, CATHER & COMPANY 


Water Supply Sewerage 
Railroads Highways 
Grade Separations—Bridges—Subways 
vocal Transportation 
Investigations—Reports—A ppraisals 
Plans and Supervision of Construction 


HAVENS & EMERSON 


W. L. Havens C. A. EMERSON 
A. A. Burcer Toutes F. W. Jones 


Consulting Engineers 


Water, Sewage, Garbage, Industrial 
Wastes, Valuations—Laboratories 


Charles E. Spofford Ralph W. Horne 
John Ayer William L. Hyland 
Bion A. Bowman Frank L. Lincoln 
Carroll A. Farwell Howard J. Williams 
Water Suppty anp DRAINAGE 
SEWERAGE AND SEWAGE TREATMENT—AIRPORTS 


Investigations Reports Designs Valuations 
Supervision of Construction 


Boston New York 


Leader Bldg. Woolworth Bidg. 
Drive CLEVELAND 14 NEW YORK 7 
FAY, SPOFFORD & THORNDIKE CHARLES HAYDOCK 
Engineers 


Consulting Engineer 
Water Works and Sanitation Industrial Wastes 
Design, Construction, Operation and Management 


Reports and Valuations 


Commercial Trust Building Philadelphia 2 


O. S. FENT 


Consulting Ground Water Geologist 


Water Supply Surveys 


Complete Test Drilling Service 


Box 720 Salina, Kansas 


HITCHCOCK & ESTABROOK, INC. 


Consultants to Municipalities since 1920 


Water, Sewerage, Paving, Power Plants, 


Airports, Reports and Appraisals 


521 Sexton Bidg., Minneapolis 15, Minn. 
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ROBERT W. HUNT CO. THE H. C. NUTTING COMPANY 


Inspection Engineers Engineers 
(Established 1888) 


Water Distribution Studies 


Inspection and Test at Point " a 
of Origin of Pumps, Tanks, Water Waste Surveys 
Conduit, Pipe and Accessories Trunk Main Surveys 


175 W. Jackson Blvd. Meter and Fire Flow Test 


TL. 
4120 Airport Road Cincinnati 26, Ohio 


JONES, HENRY & Brinckerhoff, Hall & M 
SCHOONMAKER Persons, Hall & Mactonald 


(Formerly Jones & Henry) Engineers 
Consulting Sanitary Engineers Dams Water Works Sewerage 

Airports Bridges Tunnels 

Water Works Traffic & nee met Highways 
Sewe rage & Treatment Harbor Works ee 

Waste Disposal Power Developments Industrial Buildings 

Security Bldg. Toledo 4, Ohio 51 Broadway, New York 6, N.Y. 


MORRIS KNOWLES, INC. | MALCOLM PIRNIE ENGINEERS 


Civil & Sanitary Engineers 


Engineers 
Matcoum Prrante Ernest W. Wuittock 
aig Water Supply and Purification, Ricuarp Hazen G. G. Werner, Jr. 
Sewerage and Sewage Disposal, 
uy justrial Wastes, Valuati Investigations, Reports, Plans 
: Industrial Was a Supervision of Construction and Operations 
Laboratory, City Planning. Appraisals and Rates 
Park Building Pittsburgh 22, Pa. 25 W. 43rd St. New York 18, N. Y. 
R. M. LEGGETTE THE PITOMETER COMPANY 
Consulting Ground Water Geologist Engineers 
Dewatering Investigations Water Distribution Studies 
Recharging Reports Penstock Gaugings 
: 551 Fifth Avenue New York 17, N. Y. 50 Church St. New York 7, N. Y. 


Roberto Meneses Hoyos & Co. LEE T. PURCELL 


Consulting Engineer 


Ground Water Engineers 


Water Supply & Purification: Sewerage & Sew- 


Water Supply Geophysies - 

ater upp y op cs age Disposal; Industrial Wastes; Swimming Pool 
Test Drilling Flow Tests Control; Investigations & Reports; Design; 
Explorations Reports Supervision of Construction; Operation 


Analytical Laboratories 


Design, Valuations & Supervision 


Mexico City 1 Lee Place Paterson 1, N. J 


Reforma 12 


METCALF & EDDY A. W. W. A. 
Membership Certificate 


Engineers 
Membership certificate, x 11 in., suit- 
Water, Sewage, Drainage, Refuse able for framing, 40¢. 
and Industrial Wastes weehioms Submit name exactly as it should appear 
Airfields Valuations on certificate. 


Laboratory 
‘ American Water Works Association, Inc. 


Statler Building, Boston 16 500 Fifth Avenue New York 18, N. Y. 
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RIPPLE & HOWE 


Consulting Engineers 
O. J. B. V. Howe 
Appraisals—Reports 
Design—Supervision 
Water Works Systems, Filtration and Softening 
Plants, Reservoirs, and Dams, Sanitary and 
Storm Sewers, Sewage Treatment Plants, 
Refuse Disposal, Airports 
426 Cooper Bidg., Denver 2, Colo. 


ALDEN E. STILSON & ASSOCIATES 
Limited 
Consulting Engineers 
Water Supply Sewerage Waste Disposal 
Mechanical Structural 


Reports 


Appraisals 
Columbus, Ohio 


Surveys 
209 South High St. 


NICHOLAS A. ROSE 
Consulting Ground Water Geologist 
Investigations 


Reports 
Advisory Service 


1309 Anita Ave. 


Houston 4, Tex. 


WARD & STRAND 
Engineers 
Cuayton N. Warp Joun A. StRaAND 


Water Works Power—Water, Steam 
Water Purification & Diese 


Sewer: Hydraulic Testing 
Flood Control Hydrological Investi- 
Irrigation & Drainage gation 

1 West Main St. Madison 3, Wisconsin 


RUSSELL & AXON 


Consulting Engineers 
Gero. S. Russe.y F. E. 
Jog Jr. 

Water Works, Sewerage, Sewage Disposal, 
Industrial and Power Plants, Appraisals 
408 Olive St. Municipal Airport 
St. Louis 2, Mo. Daytona Beach, Fla. 


WESTON & SAMPSON 
Consulting Engineers 


Water Supply and Purification; Sewerage, 
Sewage and Industrial Waste Treatment. 
Reports, Designs, Supervision of Construc- 
tion and Operation; Valuations. 
Chemical and Bacteriological Analyses 


14 Beacon Street Boston 8, Mass. 


JAMES F. SANBORN 


Consulting Engineer 


Water Supply, Sewage Disposal 


$0 Church St., New York 7, N.Y. 


WHITMAN & HOWARD 


Engineers 
(Est. 1869.) 


Investigations, Designs, Estimates, 
Reports and Supervision, Valuations, 
etc., in all Water Works and Sewerage 
Problems 


89 Broad St. Boston, Mass. 


J. E. SIRRINE COMPANY 


Engineers 


Water Supply & Purification, 
Sewage & Industrial Waste Disposal, 
Stream Pollution Reports, 
Utilities, Analyses 


Greenville South Carolina 


WHITMAN, 
& ASSOCIATES 


Engineers Consultants 
Civil—Sanitary—Structural 
Mechanical—Electrical 
Reports, Plans, 
Supervision, Appraisals 
1304 St. Paul St. Baltimore 2, Md. 


STANLEY ENGINEERING 
COMPANY 


Waterworks—Sewerage 
Drainage—Flood Control 
Airports—Electric Power 


Hershey Building 
Muscatine, Ia. 


WILLING WATER 
Public Relations Consultant 
Willing Water cartoons available in low-cost 
blocked electrotypes and newspaper mats for 
use in building public and personnel good will. 
Send for catalog and price list 
American Water Works Association, Inc. 
500 Fifth Avenue New York 18, N.Y. 
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‘A WRITE FOR THIS 
~ BOOK BY DR. HALE 
Tells How To 


CONTROL 


This revised 
and enlarged 
edition, written by Dr. Frank E. 
Hale,* describes in detail methods of con- 
trolling various forms of microscopic life 
commonly dealt with in water supply 
systems. Descriptive material includes 48 
clear photo-micrograph studies of organ- 
isms discussed. Simplified methods of ap- 
plying copper sulphate are also shown. 

. .. Many of the most important water 
works specify Nichols Triangle Brand 
Copper Sulphate. Triangle Brand is avail- 
able in several convenient sizes for water 
treatment. Write today for details and 
book. *(Director of Laboratories, Dept. of Water 
Supply, City of New York) 


FOR YOUR REQUIREMENTS SPECIFY 


NICHOLS 


TRIANGLE BRAND 


COPPER SULPHATE. 
THE STANDARD FOR OVER 50 YEARS 
MADE BY 


PHELPS DODGE REFINING CORPORATION 


Electrolytic Refiners of Copper 
40 WALL STREET « NEW YORK 5, N. Y. 
230 N. MICHIGAN AVE. * CHICAGO 1, ILL. 
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Membership, Changes 


AMERICAN: 
WATER WORKS. 
ASSOCIATION 


NEW MEMBERS 
Applications recetved March 1 to 31, 1949 


Adams, E. B., Mer., Water, Gas & Light 
Dept., Albany, Ga. (Jan. '49) 

Ambuhl, Marvyn R., Sales Ener., 
Armco Drainage & Metal Products, 
Inc., 2321 S.E. Gladstone St., Portland, 
Ore. (Jan. 

Anderson, B. Conn, see Auburn Water 
Works Board 

Appleyard, V. A., Asst. Mer., City Water 
Com., 126 E. 10th St., Chattanooga, 
Tenn. (Jan, '49) 

Archer, Lawrence J., Sr. Civ. Engr., Water 
Dept., 425 Mason St., San Francisco 2, 
Calif. (Jan. '49) 

Auburn Water Works Board, B. Conn 
Anderson, Secy., Box 511, Auburn, Ala. 
(Corp. M. Jan. 

Barlow, Emil T., Civ. Eng. Assoc., Dept. 
of Water & Power, 510 E. 2nd St., Los 
Angeles 12, Calif. (Jan. '49) 

Belleville, Laurier, Supervising Engr., 
National Health & Welfare, 379 Com- 
mon St., Montreal, Que. (Jan. '49) 

Bouwmsn, J., Sales Repr., Johns-Manville 
Sales Corp., 510 American Bldg., 
Cincinnati 2, Ohio (Jan. '49) 

Brock, C. M., Water Works Supt., Munic. 
Water Utility, Cleveland, Miss. (Jan. 
49) 

Brown, L. L., Supt., Water & Sewers, 
Harrison,' Ark. (Jan. '49) 


(Continued on page 30) 
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FOR PUMPED WATER SYSTEMS 
Constant Rote Feeder — Heavy Duty Midget 
Chem-O-Feeder. Feeds 0-7'2 GPH at 0 to 
85 ps.i 


FOR VARIABLE FLOW SYSTEMS | 
Flow Proportional Feeder — Automatic and 
Proportional Chem-O-Feeder Feeds 0-5 GPH 
ot 4-100 


FOR YOUR CAMP Du-Self — a complete 
Package Unit—for water treating. For flows 
up to 25 GPM and 75 p.s.i. 


FOR YOUR SWIM POOL For crystal clear 
swim pool woter — Pur-O-Cel Diatomaceous 
Eorth Filter, Duplex Mode!. 


ment Proportionin 
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MODEL 1-47 


This new Heavy Duty Chem-O-Feeder has many added features for precision 
control and easier maintenance. Stroke length is instantly adjustable by turn- 
ing a knob while pump is operating — a magnifying register glass shows exact 
reading in thousandths of an inch over a range from 2 to 13 cc per stroke. The 
new Model 1-47 has convenient oil fill and handy sight gouge — all moving 
parts operate in an oil bath. Plastic See-thru” reagent head handles any 
chemical used in the water works field. Available in simplex, duplex and 
triplex models. Bulletin SAN-7 

With %Proportioneers% Equipment you can always maintain precision control 
in water purification and sewage treatment. Ask us for recommendations and 
quotations. Our experience from over 27,000 installations is at your service. 

Write for Bulletins. 


PROPORTIONEERS, INC. 7% 


Providence 1, R. I. 
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(Continued from page 28) 


Burba, Foster S., Instructor, Eng. Exten- 


| 


sion, Oklahoma A & M, Stillwater, | 


Okla. (Jan. 


Burgi, Herman, Jr., Chief Engr. & Asst. | 
Mgr., Water Dist., 16 Casco St., Port- 


land 2, Me. (Jan. '49) 
Caracas, Acueductos de, J. M. Soteldo R., 


Director, Instituto Nacional de Obras | 


Sanitarias, Caracas, Venezuela (Corp. 
M. Jan. '49) 

Carter, Jay B., San. Eng. Asst., Dept. of 
Water & Power, Box 3669 Terminal 
Annex, Los Angeles 54, Calif. (Jan. '49) 

Caton, M. O., Dist. San. Engr., State 
Board of Health, Box 363, Ayden, N.C. 
(Apr. 

Choca, Maria D., Prof. of Mathematics, 
Instituto de la Vibora, Maloja 607, 
Havana, Cuba (Jan. 49) 

Churchill, M. A., Public Health Engr., 
Tennessee Valley Authority, 101 Arn- 
stein Bldg., Knoxville, Tenn. (Jan. '49) 

Cook, L. F., Supt., City Bldg., Front & 
Broad Sts., Cuyahoga Falls, Ohio (Jan. 

Cordes, Erwin H., Civ. Engr., St. Louis 
County Water Co., 6600 Delmar Blvd., 
University City 5, Mo. (Apr. '49) 

Cotton, Edwin R., see Potomac River 
Basin Interstate Com. 

Cunningham, M. B., see Trinidad Water 
& Sewer Dept. 

Daly, Maurice R., see Fall River Water 
Dept. 

David, John M., Dist. Mer., Layne- 
Atlantic Co., Box 356, Albany, Ga. 
(Jan. 

Dean, Maurice F., Asst. Engr., Public 
Service Com., 601 Barrington St., 
Halifax, N.S. (Jan. '49) 

Delhi Public Utilities Com., (Mrs.) B. R. 
Hill, Secy., Delhi, Ont. (Corp. M. Jan. 

DePhillips, A., Kepr., Diamond Alkali 
Co., 431 S. Central Ave., Baltimore 2, 
Md. (Jan. 

Donnelly, Henry J., Supt., Water Dept., 
Bellingham, Wash. (Apr. '49) 


Elbring, William W., Civ. Engr., St. Louis | 


County Water Co., 6600 Delmar Blvd., 
University City 5, Mo. (Apr. '49) 
Ernst, George C., Prof. & Acting Chair- 
man, Dept. of Civ. Eng., 208 Mechanic 
Arts Bldg., Lincoln, Neb. (Jan. '49) 


Eschman, Leo E., Asst. Chemist, Mahon- 
ing Valley San. Dist., 646 Paige Ave., 
N.E., Warren, Ohio (Jan. '49) 

Fall River Water Dept., Maurice R. Daly, 
Supt., 1620 Bedford St., Fall River, 
Mass. (Corp. M. Jan. '49) 

Feltham, John C., Civ. Engr., Infilco, Inc. 
Box 233, Edgetield, S.C. (Jan. '49) 

Foster, Charles B., Jr., Asst. Supt. & 
Engr., Dept. of Water & Sewerage, City 
Hall, Shreveport, La. (Jan. '49) 

Fox, J. Elmer, Supt., Dept. of Public 
Works, Borough Hall, Ramsey, N.J. 
(Jan. '49) 

French, Clarence B., Civ. Engr., Water 
Div., City Hall, Waltham 54, Mass. 
(Jan. 

Fulbright, C. O., see Fulbright Labs., Inc. 

Fulbright Labs., Inc., C. O. Fulbright, 


Pres., 213 E. Tremont Ave., Charlotte, 
N.C. (Corp. M. Jan. '49) 

Garner, Guy A., Water Service Supervisor, 
Water Works, 68 Mitchell St., S.W., 
Atlanta, Ga. (Jan. '49) 

Gerlitz, F. E., Jr., Sales Mgr., Simplex 
Valve & Meter Co., 68th & Upland 
Sts., Philadelphia 42, Pa. (Jan. '49) 

Gildersleeve, Throckmorton P., Water 
Comr. of Summerfield, 612 Taft Bldg., 
1680 N. Vine St., Hollywood 28, Calif. 
(Jan. '49) 

Goble, Harry W., Water Clerk, Township 
of  Parsippany-Troy Hills, | Cobbs 
Corner, Parsippany, R.D. No. 1, 
Boonton, N.J. (Jan. '49) 

Godbe, Hampton C., Exec. Secy., Metio- 
politan Water Dist., 2152 Parkway 
Ave., Salt Lake City, Utah (Jan. '49) 

Goellner, Fred J., Valuation Engr., Public 
Service Com., 233 Broadway, New 


York 7, N.Y. (Jan. '49) 


Gonzalez, Carlos E., Graduate Student, 
Univ. of Illinois, 1115 W. Oregon, 
Urbana, IIl. (Jr. M. Jan. 49) 


Graham, Harold H., Civ. Eng. Assoc., 
Dept. of Water & Power, 207 S. Broad- 
way, Los Angeles 12, Calif. (Jan. '49) 

Granados, Juan A., San. Engr., Com. de 
Malaria de Cuba, Apdo. 157, Havana, 
Cuba (Jan. '49) 

Hallam, George O., Chemist, Water Dept., 
Village of LaGrange, 741 S. Bodin St., 
Hinsdale, Ill. (Jan. 


(Continued on page 32) 
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1OWA CHECK VALVES 
—Balanced swing type, 
bronze trimmed through- 
out. Equipped with stainless 
steel hinge pin. Furnished 
with rubber or leather faced 
disc if desired. For installa- 
tion in either horizontal or 
vertical pipe lines. Ex- 
tremely low loss of head. 


1OWA TAPPING SLEEVES and VALVES—Sturdily built, easy to 
assemble and center on pipe. All bolted type with lead strips for tight 
sleeve connections. Extra long body sleeves with heavy flanges amply 
protect the cut. All sizes available. 


IOWA GATE VALVES—Simple, rugged con- 
struction, fully bronze mounted. Parallel 
seat, double disc type with independent 
solid bronze wedges and stem nut. Trouble 
free service assured. 


IOWA FIRE HYDRANTS—Latest 
Corey type conforming to 
AWWA specifications. Will not 

eyser when standpipe is 

roken. Unique design pro- 
vides unrestricted water flow 
with extreme low loss of head. 


1 OWA SQUARE BOTTOM 
VALVES—Specially designed 
for throttling service in filter 
wash and pump discharge lines. 
Square bottom features can be 
built into gate valves of any 
pressure ratings. 


JOWA HYDRAULIC VALVES— 
Superiority of design matched 


with sturdy construction meets 
severe, continuous filter 
service requirements. Avail- 
able with either iron, brass lined 
or brass tubing cylinders. 


IOWA SLUICE GATES—Heavy 
cast iron construction, fully 
bronze mounted. Provided 
with solid bronze adjustable 
wedges. Suitable for seating 
and unseating pressures. Wide 
range of sizes. 


Write today for 
descriptive literature. 


IOWA VALVE COMPANY 


201-299 W. Talman Ave., Chicago 80, Ill. * A Subsidiary of James B. Clow & Sons 
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Hamlin, Guy R., City Engr. & Airport 
Mgr., 435 Carter Blvd., Seymour, Ind. 
(Jan. 

Hausser, Charles A., Borough Engr., 
Kings Rd., Madison, N.J. (Jan. '49) 
Hill, B. R. (Mrs.), see Delhi Public Utilities 

Com. 

Hjaltalin, Sig, Pres. of Council, 3912 
Broad St., Bellingham, Wash. (Apr. ’49) 

Holton, City of, Virgil C. Knowles, City 
Mer., City Hall, Holton, Kan. (Corp. 
M. Jan. 

Huot, Marcel, Town Engr., 14 rue de 
l'Eglise, Ville St. Laurent, Que. (Jan. 

Ithaca Water & Sewer Dept., Thomas G. 
Miller Jr., Supt., City Hall, Ithaca, 
N.Y. (Mun. Sv. Sub. Jan. °49) 

Jensen, Marinus, Water Supt., Water 
Dept., Albert Lea, Minn. (Jan. '49) 

Johnson, W. H., Dist. Supt., Water Meter 
Div., Rockwell Mfg. Co., 50 Church 
St., New York 7, N.Y. (Jan. ’49) 

Kenney, Don, Foreman, Water Dept., 305 
S. Oak St., McPherson, Kan. (Jan. '49) 

King, J. S., Mgr., Chicago Branch, Fair- 
banks, Morse & Co., 600 S. Michigan 
Ave., Chicago 5, Ill. (Jan. '49) 

Knowles, Virgil C., see Holton, City of 

Ling, Joseph T. T., Graduate Student, 
Univ. of Minnesota, 315 University 
Ave., Minneapolis, Minn. (Jr. M. Jan. 
49) 

Mahapatra, Mrutyunjaya, Public Works 
Engr., San. Eng. Dept., Johns Hop- 
kins Univ., Baltimore 18, Md. (Jan. 

Martin, F. V., Sales Repr., Mueller Co., 
5911 S.E. Firwood St., Portland 2, Ore. 
(Jan. 

Marvick, Byron G., Partner-Mgr., Culli- 
gan Soft Water Service, 519 E. Broad- 
way, Glendale 5, Calif. (Jan. '49) 

McEwen, J. E., Mgr., Munic. Water 
Dept., City Hall, Warren, Ark. (Jan. 
49) 

McKay, Charles R., Sr. Operator, Water 
Plant, Water & Sewer Dept., Browns- 
ville, Tenn. (Jan. '49) 

McKinney, Ross Erwin, Student, Massa- 
chusetts Inst. of Technology, 607A 
Graduate House, Cambridge 39, Mass. 


(Jr. M. Jan. '49) 
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Miller, Thomas G., Jr., see Ithaca Water 
& Sewer Dept. 

Mills, Donald, Cons. 
Selma, Ark. (Jan. '49) 

Nelson, Louis E., Utilities Supt., Munic. 
Light & Water, Windom, Minn. (Jan. 
*49) 

Nelson, Walter J., Johns-Manville Sales 
Corp., Celite Div., 22 E. 40th St., New 
York 16, N.Y. (Apr. '49) 

Olsen, Russ, Sales Engr., Badger Meter 
Mfg. Co., Box 1271, Nashville 2, 
Tenn. (Jan. '49) 

Olson, H. M., Cons. Maintenance Engr., 
Morton Salt Co., 120 LaSalle St., 
Chicago 3, Ill. (Jan. 

Oswalt, W. H., City Mer., Municipal 
Bldg., Jacksonville, Tex. (Jan. '49) 

Parajon, Luis, Student, Univ. of Havana, 
Ave. Almendares 13, Alturas de Almen- 
dares, Havana, Cuba (Jan. '49) 

Passmore, John, Mer., Water Works 
Dept., Hensall, Ont. (Jan. '49) 

Perkins, Frank P., Dist. 
Deming Co., 5012 
Omaha, Neb. (Jan. '49) 

Poston, J. C., Supt., Public Works, 50 
Coteau St., W., Moose Jaw, Sask. (Jan. 
49) 

Potomac River Basin Interstate Com., 
Edwin R. Cotton, Director, 202 Trans- 
portation Bldg., Washington 6, D.C. 
(Corp. M. Jan. 

Randall, Frank G., City Engr. & Supt. of 
Water, Wadsworth, Ohio (Jan. '49) 

Riley, Edward W., Engr., Coos Bay- 
North Bend Water Board, 264 S. 
Broadway, Coos Bay, Ore. (Jan. '49) 

Robbins, John A., Supt., Dept. of Water 
Works, 55 N. Ist St., Scottsburg, Ind. 
(Jan. 

Rukavina, Matt K., Town Engr., Kapus- 
kasing, Ont. (Jan. '49) 

Salt Lake City Metropolitan Water Dist., 
Hampton C. Godbe, Exec. Secy., 1025 
Kearns Bldg., Salt Lake City, Utah 
(Corp. M. Jan. 

Scholtz, Ted, City Engr., 210 Lottie St., 
Bellingham, Wash. (Apr. '49) 

Schutt, Harold S., Pres., Indianapolis 
Water Co., 430 Continental American 
Bldg., Wilmington 33, Del. (Apr. '49) 

Seffell, A. F., Water Supt., Yukon, Okla. 
(Jan. '49) 


Engr., Box 534, 


The 


Ave., 


Megr., 
23rd 


Red 
. 
Bros 
| 
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Fast, easy, low cost installation...plus 
a long, trouble-free life... | 


K&M “Century” 
ASBESTOS-CEMENT PIPE 


You gain all along the line when 
you choose ‘“‘Century”’ Asbestos- 
Cement Pipe for your underground 
water mains...in long distance 
conveyance, distribution through 
city streets or for force mains on 
sanitary sewers. 


Work goes fast, for ‘‘Century”’ 
Pipe is easy to install...can be 
cut, drilled and tapped on the job. 
And its light weight requires fewer 
men to handle ...a factor which 
also means lower freight, trucking 
and handling costs. 


Once laid, you can count on extra 
years of maintenance-free service, 
for ““Century”’ Pipe is immune to 
corrosion, electrolysis, tubercula- 
mee tion. The flexible couplings mini- 
ee, Typical installation of K& M “Century” Asbestos- mize the effects of traffic vibration 
yA Cement Pipe, laid in western Pennsylvania. and earth settlement. Being made 

4 of asbestos and cement, it actually 
grows tougher with age. In fact, so 
free is “Century”? Pipe from the 
common enemies of pipe lines, it 
can be removed after years of 
service and reinstalled for further 
use at original pressure. 


Learn the many interesting facts 
about this truly superior pipe. 
Your inquiry will receive prompt 
attention. 


made Us lestos ... Keasbey & Mattison 
has made it serve mankind since 1873. 


KEASBEY & MATTISON 


COMPANY - AMBLER +> PENNSYLVANIA 


= 
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Shiner, Stephen, Mng. Director, Aqualux 
Ltd., 81 Headingley Rd., Birmingham 
21, England (Jan. '49) 

Shuck, Earl, Plant Supt., Light, Water & 
Power Dept., Fairbury, Neb. (Jan. ’49) 

Smith, Charles T., Gen. Megr., Munic. 
Utilities, Box 780, Owensboro, 
(Jan. '49) 

Soteldo R., J. M., Director, Acueductos de 

} Caracas, Instituto Nacional de Obras 


| Sanitarias, Caracas, Venezuela (Jan. 
49) 

Stone, Angelo, Asst. Plant Supt., Munic. 

. Utilities, Box 780, Owensboro, Ky. 


(Jan. 

Thuell, W. R., Mer., Public Utility Com., 
Seaforth, Ont. (Jan. '49) 

Trinidad Water & Sewer Dept., M. B. 
Cunningham, Supt., City Hall, Trini- 
dad, Colo. (Corp. M. Jan. '49) 

Vann, J. Thompson, Research Engr., 
American Cast Iron Pipe Co., Birming- 
ham 2, Ala. (Jan. '49) 

Van Treek, Joseph, Water Supt., Munic. 
Water Dept., Nutley, N.J. (Jan. ’49) 
Walker, Melvin T., Supt., Sylvan Spring 
Water Co., Verona Beach, N.Y. (Jan. 

*49) 

Wardrop, W. L., Engr., Water Works & 
Sewerage, Ross & Tecumseh Sts., Win- 
nipeg, Man. (Jan. '49) 

Wigglesworth, Armand F., Elec. & Water 
Supt., Liverpool, N.S. (Jan. '49) 

Wingfield, F. E., Water Supt., Muskogee, 
Okla. (Jan. '49) 

Woehler, Bernhard C., Supt., Water 
Dept., 4801 W. 50th St., Edina, Minn. 
(Jan. '49) 

Wood, C. C., Jr., Water Works Supt., 
Crystal Beach, Ont. (Jan. '49) 


Ky. | 
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Horn, A. John, Chief San. Consultant, 
8th Army Military Govt., Public 
Health Branch, APO 343, c/o Post- 
master, San Francisco, Calif. (July '39) 

Kellogg, J. Wilford, 1607 Shepard St., 
Morehead City, N.C. (July '21) Director 
'40-'43. Fuller Award ’46. P 

Rosen, Milton, Comr. of Public Works, 
Board of Water Comrs., St. Paul 2, 
Minn. (Jan. '31) 

Springer, John P., Sales Engr., Honolulu 
Iron Works Co., Box 3140, Honolulu, 
Hawaii (Oct. '37) 

Sturtevant, F. L., Sales Repr., Wintroath 
Pump Co., Box 371, Lancaster, Calif. 
(Oct. '46) 


| Thompson, N. J., Sales Repr., Dresser 


Woods, Fred M., Asst. City Engr., City | 


Hall, Guelph, Ont. (Jan. '49) 


Yoder, M. Carleton, San. Engr., Route 3, 
Box 322, Lodi, Calif. (Jan. 49) 


REINSTATEMENTS 


Bays, Carl A., Geologist & Engr., State 
Geological Survey, Box 189, Urbana, 
Ill. (Apr. 

Theo, 


Devers, Supt., Public 


Versailles, Ky. (July 


| Newman, Alfred C., 


(Continued on page 36) 


Mfg. Div., 831 Cherry St., 
Colo. (Oct. P 

Van Pelt, Richard, 1157 N. Cottage St., 
Salem, Ore. (Apr. ’43) MP 

Velloso, Frederico A. L., Empresa Beta 
Bahiana de Costr., Avenida Sete de 
Setembro 50-1 Andar, Salvador, Bahia, 
Brazil ‘Jan. '43) 


Denver, 


LOSSES 


Deaths 


Decker, L. L., Supt., Water Dept., Leroy, 
Ohio (Apr. '43) P 

Hoy, Joseph A., Supervising Foreman, 
Water Dept., 18 E. Worcester St., 
Worcester 4, Mass. (May ’22) 

Johnson, W. Scott, Director, Environ- 
mental Sanitation Sec., Div. of Health, 
Jefferson City, Mo. (Feb. '24) P 

1107 S. 8th St., 
Leesburg, Fla. (July M 

Syme, Jack, Water Works Supt., Almonte, 
Ont. (Jan. '48) 


Resignations 
Bellingham Water Dept., Henry J. 
Donnelly, Water Supt., City Hall, 


“Bellingham 21, Wash. (Corp. M. Jan. 
MPR 

Brittain, Earle, Chem. Engr., The U-Need- 
Us Coal & Chemical Co., 216 Mathews 
St., Painesville, Ohio (Jan. ’47) 


| Gooch, E. W., City Engr., Water Board, 
Works, | 


Engr.’s Office, Bellingham, Wash. (Apr. 
MPR 


| 
| 
| 
| 
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| 
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of CALMET Design 
Means LONG LIFE 
and LOW UPKEEP 


Only six separate, distinct 
units comprise the CAL- 
MET Water Meter. The 
split case design, with spuds 
in the base, permits re- 
moval of working parts for 
quick cleaning or inspection 
without disturbing main 
line connections. No com- 
plicated or temperamental 
mechanisms to get out of 
order . . . easy to take apart 
... easy to repair. 


Enclosed gear train simpli- 
fies inspection and assem- 
bly. 


@ SALES REPRESENTATIVES— 
Write for complete details of 
the CALMET franchise in your 
territory. 


4 


| 
ay 
| 
‘| 
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; 
ALMET WATER METERS 
| 
MADE BY WELL MACHINERY & SUPPLY CO., INC.—FORT WORTH, TEXAS 
~ 
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Hilton, Joe, Member, Board of Water 


Comrs., Pres., City Council, City Hall, | 


Bellingham, Wash. (Jan. '48) M 

Mortinson, Severin A., Comr. of Public 
Utilities, Board of Water Comrs., St. 
Paul 2, Minn. (Jan. ’47) 


CHANGES IN ADDRESS 


Changes received between March 5 and 
April 5, 1949 


Alexander, Aleck, San. Engr., Kyushu 
Military Govt. Region, APO 24-5, c/o 


Postmaster, San Francisco, Calif. (July | 


48) 
Allen, Victor H., 83 Horatio St., New 
York 14, N.Y. (Jan. ’39) 


Applebaum, Samuel B., Box 97, Rushland, | 


Bucks County, Pa. (Apr. 16) P 
Bakkum, Peter, Georgia Inst. of Tech- 
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nology, Box 1509, Atlanta, Ga. (Jr. M. | 


Jan. 49) 


Barnhill, Kenneth G., Sales Engr., The | 


Permutit Co., 130 E. 93rd St., New 
York 28, N.Y. (July ’39) P 

Barrie Public Utilities Com., W. M. Salter, 
Gen. Mgr., Box 57, Barrie, Ont. (Corp. 
M. July '35) M 

Belvidere Water Dept., Wayne Richard- 
son, Supt., City Hall, Belvidere, III. 
(Corp. M. Jan. 48) M 

Blackshaw, George E., Mgr., Merrick 
Div., New York Water Service Corp., 
Box 578, Merrick, N.Y. (Oct. ’45) M 

Campion, Harry, 423 Jefferson Ave., 
Defiance, Ohio (Apr. '44) MP 

Carter, H. E., Box 263, Verdugo City, 
Calif. (July M 

Castella, William F., Cons. Engr., 1623 
Transit Tower, San Antonio 5, Tex. 
(Apr. ’48) MPR 

Chapman, Howard W., San. Engr., U.S. 
Public Health Service, 808 Malcolm 
Drive, Silver Springs, Md. (July ’46) 
P 

Cleary, Edward J., Executive Director & 
Chief Engr., Ohio River Valley San. 
Com., 410 First National Bank Bldg., 
Cincinnati, Ohio (Jan. '45) MPR 


Colburn, B. S., Jr., Route 1, Fletcher, 
N.C. (July PR 

Cone Mills Corp., J. D. McConnell, Plant 
Engr., Greensboro, 
July '43) 


N.C. (Corp. 


M. | 
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Dilworth, H. M., 4204 W. 15th Ave., 
Vancouver, B.C. (Jan. ’38) M 

Dominion Bridge Co., Ltd., Pacific Div., 
Box 160, Vancouver, B.C. (Assoc. M. 
Jan. 

Durr, John P., Asst. Engr., State Dept. of 
Health, Bureau of San. Eng., 916 
Diamond, Meadville, Pa. (Jan. '46) P 

Earls, Clifford Elliott, White Star Chem- 
ical Co., 2030 E. Adams St., Jackson- 
ville, Fla. (Oct. '43) P 

East York, Township of, J. D. Corcoran, 
Comr., Munic. Offices, Mortimer & 
Coxwell Aves., Toronto, Ont. (Corp. M. 
Jan. '35) MP 


Eiffert, William T., Box 422, Route 


Dayton 5, Ohio (Oct. °45) MPR 

Fardahl, Nels, Cons. Engr., 1624 S. 
Harvard, Tulsa, Okla. (Jan. 45) MP 

Forbes, H. de B., Jr., Lt. Col., Box 363, 
Richmond, Ky. (Jan. '46) 

Forsyth, Joseph R., Morris Knowles, Inc., 
819 City Hall Annex, Philadelphia 7, 
Pa. (Jan. P 

Francis, James G., Civ. Engr., 4854 
Placidia Ave., North Hollywood, Calif. 
(Oct. '’31) MPR 

Fraser Utility Supply Co., R. J. Fraser Jr., 
Box 1655, Glendale 5, Calif. (Assoc. M. 
Oct. '38) 

Gotaas, Harold B., Chairman, Div. of 
Civ. Eng., Univ. of California, 211 
Engineering Bldg., Berkeley 4, Calif. 
(Jan. '38) PR 

Greece, Town of, Water Dept., Francis J. 
Cramer, Supt., Box 85, Charlotte Sta- 
tion, Rochester 12, N.Y. (Corp. M. 
Oct. '35) M 

Haney, Paul D., U.S. Public Health Serv- 
ice, Environmental Health Center, 1014 
Broadway, Cincinnati 2, Ohio (Jan. 39) 
P 

Harding, Robert W., i12- 
Antonio, Tex. (Oct. '35) 
"46. 

Hauer, Gerald E., San. Engr., 817 Grand 
Ave., Aurora, Ill. (July '41) P 

Hernandez, Donald, 28\ N. Weston, 
Elgin, Ill. (Jan. P 

Hicklin, Robert G., Mgr., Munic. Dept., 
Robert & Co., Assoc., Inc., 96 Poplar 
St., N.W., Atlanta 3, Ga. (Apr. ’29) P 

Hoffman, Howard F., Jr. San. Engr., 2611 
Oneida St., Utica, N.Y. (Jan. °45) 
MPR 


4th St., San 
Fuller Award 
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SMALL CITIES. 


are among 
best customers” 


») 


V Vien the largest and most completely equipped 
organization in the well water developing field, Layne has always 
provided excellent service for even the smallest cities. 


In no case 


have they had to pay a penalty for Layne’s world-wide experience and 


outstanding success. 


As a matter of fact, Layne Well Water Systems 


actually cost less when the advantages of unquestionable high quality, 


proven efficiency and extra long life are considered. 


Small cities receive the same pro- 
fessional engineering, skillful work- 
manship and high quality equipment 
which is always provided for the larg- 
est cities. The only difference is in 
the size and capacity of the units in- 
stalled. Many hundreds of small cities 
and villages already have their own 
Layne Well Water Systems. All are 


Small as well as large ‘cities are invited to make inquiries and 
to obtain catalogs about Layne’s complete service which includes 


highly pleased with their sound invest- 
ments; the economy of operation cost 
and the complete dependability of the 
units at all times. The owning of 
a modern, high efficiency well water 
system has enabled many to obtain 
new industries and at the same time 
to enjoy better fire and health pro- 
tection. 


surveys, water strate explorations, well drilling, pump installations 
etc. for a complete, thoroughly tested and in operation well water 


system. No obligation. 


LAYNE & BOWLER, INC. 


Address 


General Offices 
MEMPHIS 8, TENN. 


WELL WATER SYSTEMS 


: 
q 
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Horstmann, F. B., Dearborn Chemical | Parbury, Charles B., Gen. Mer. & Vice- 
Co., 229 Del Mar Ave., San Clemente, Pres., Water Works, 374 W. Santa 
Calif. (June ’27) P | Clara St., San Jose 2, Calif. (Apr. '41) 


Kempkey, Augustus, Cons. Engr., 330 | MPR 
Highland Ave., Piedmont 11, Calif. Paulette, Robert G., 454 E. Marlin Drive, 


(June ’23) Pittsburgh 16, Pa. (July '46) 

LaMarre, Rene J., Chief Operator, Water | Phelps, P. E., HI, Engr., 4 Acton PI, 
Board, Adrian, Mich. (Jan. '35) Di- | Annapolis, Md. (Oct. '48) 
rector '47-"50. MP | Pratt, Jack W., Process Engrs., Inc., 821 


LeBosquet, Maurice, Jr., Sr. San. Engr., | Market St., San Francisco 3, Calif. 
U.S. Public Health Service, Environ- | Jan. '41) P 
mental Health Center, 1014 Broadway, | Riepe, Gerald E., Builders Iron Foundry, 
Cincinnati 2, Ohio (July '35) PR Inc., 122 S. Michigan Ave., Chicago 3, 
Le Jeune, Robert C., 565 Ann Arbor | _ Hil. Jan. '47) 
Trail, Plymouth, Mich. (Jan. 48) R | Roberts, John S., Jr., West & Holyoke 


3. A., 4125 Norfolk Ave., | _ Beech Haven, N.J. (June'20) 


Baltimore 16, Md. (Apr. '47) Robinson, J. W., Gen. Mgr., County 
Water Dist., 4854 S. Church St., Pico, 
Lilly, Rodman Grizzard, 7318 W. Ken- > 
more Drive, Norfolk 5, Va. (Oct. '47) 


P Rodriguez P., Jesus A., Designing Engr., 
: Esmeralda a Brisas, Anauco 4, Caracas, 
: McBride, Samuel P., Asst. Engr., State Venezuela (Jan. '42) 
Mead- Sawyer, Robert W., Washington Suburban 
San. Com., 4017 Hamilton St., Hvatts- 
McChesney, Don R., Sales Engr., The ville, Md. (Oct. 32) PR 
Permutit Co., 34 S. 17th St, Phila- | geott, Rossiter S., 23 E. Eager St., Balti- 


delphia a. Pa. (Jan. 47) more 2, Md. (Mar. ’22) P 

McKee, Donald M., The Permutit Co., — Silberbauer, Walter R., Supt., Campbell 
407 S. Dearborn St., Chicago 5, Ill. Water Co., 101 Bland Ave., Campbell, 
(Jr. M. Jan. '48) Calif. (Oct. '43) M 

Morgan, Clifford L., Civ. & Hydr. Engr., Smith, George L., Sales Mgr., G. L. Smith 
Dana E. Kepner, Mfrs. Agent, 1921 & Co., 6450 W. Motor Ave., Milwaukee 
Blake St., Denver 2, Colo. (Apr. '46) 13, Wis. (Oct. '45) P 
MP Snow, Donald L., San. Engr., U.S. Public 

Newton, Harry E., Professional Civ. Engr., Health Service, National Inst. of 
20 S. Forked Landing Rd., Maple Health, 3950 Langley Court, N.W., 
Shade, N.J. (Oct. Washington 16, D.C. (Jan. ’46) MPR 


(Continued on page 40) 


You can purchase good cathodic protection cquipment 

Cathodic from many reputable manufacturers of anodes, rectifiers, 

etc. But that’s only half the answer to rust and corrosion 

PROTECTION problems. The rest of it is technical skill in the application 
of cathodic protection equipment and theory. 


is More Than Electro Rust-Proofing has, at your disposal, a trained 

Equipment staff of corrosion specialists ready to give each problem 
the individual attention required for successful solution. 
Why not write today? There’s no obligation. 


ELECTRO RUST-PROOFING CORP,., (N. J.) 
BELLEVILLE 9, NEW JERSEY 
REPRESENTED IN PRINCIPAL CITIES Ent 
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MEASURE FLOWS WITH 


GREAT 


ACCURACY! 


VENTURI TUBE 


The correct design and careful workman- 
ship of Simplex Venturi Tubes insure stable 
coefficients over wide velocity ranges, 
enabling the accompanying meter to meas- 
ure flow with extreme accuracy. The high 
efficiency in the utilization of the differen- 
tial pressure head is the result of more 
than 40 years of manufacture and research 
by this company. 

Simplex Type MO Meters, when used 
in conjunction with Simplex Venturi Tubes 
as primary devices, guarantee the utmost 
accuracy in flow measurement over long 
ranges. They can be furnished to measure 
accurately over ranges of 20 to 1, 25 tol, 
28.5 to 1 or 32.5 to 1. 

Where flow ranges are long, a single 
meter often will be sufficient where two or 
more ordinary instruments would other- 
wise be required. 


MO METER 


For full information and bulletins, write to the Simplex Valve 
& Meter Company, 6784 Upland Street, Philadelphia 42, Pa. 


SIMPLEX 


VALVE AND METER COMPANY 
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Spokane Utility Supplies Co., Frank B. 
Miller, Pres. & Gen. Mgr., Gen. Deliv- 
ery, Eugene, Ore. (Assoc. M. Jan. '48) 

Stevenson, Albert H., San. Engr., U.S. 
Public Health Service, Environmental 
Health Center, 1014 Broadway, Cin- 
cinnati 2, Ohio (Jan. '40) PR 

Stolp, Amer C., Dist. Mgr., California 
Water Service Co., Box 502, Chico, 
Calif. (Nov. ’33) 

Stuart, Charles L., Asst. to Vice-Pres., 
South Bay Cons. Water Co., 5th Ave., 
Bay Shore, N.Y. (Jan. 40) MM 

Sussman, Sidney, 708 Garden St., Plain- 
field, N.J. (Jan. P 

Swift, Howard Newman, Engr., Board of 
Fire Underwriters of the Pacific, 302 
Security Bldg., 510 S. Spring St., Los 
Angeles 13, Calif. (Oct. '44) MR 

Thoman, John R., U.S. Public Health | 
Service, Environmental Health Center, 

1014. Broadway, Cincinnati 2, Ohio | 

(Jan. | 
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Turner, William DeGarmo, Florida Chem- 
ical Research, Inc., 241 E. 44th St., 
New York 17, N.Y. (May '31) P 


| Van Der Lely, J., Shell Oil Co., c/o G. 


Byers, Shell Bldg., Houston, Tex. (Jan. 

Waterman, Earle Lytton, Prof. of San. 
Eng., 231 Fairview Ave., Iowa City, 
Iowa (Dec. '22) Director '38—'41. 
Fuller Award '45. 

Wheeden, H. Ford, 1525 E. 29th St., 
Baltimore 18, Md. (July '42) MWR 

Williams, Irvin C., c/o Hotel Little, 
Pearsall, Tex. (Jan. 46) M 

Yarabeck, Robert Roland, San. Engr., 
Black & Veatch, 503—10th Ave., Salt 
Lake City, Utah (Oct. 47) MPR 

Zimmerman, Harry F., Daniel Field Air- 
port, Augusta, Ga. (July '47) 

Zinsmeister, Herbert F., Engr., Wallace 

& Tiernan Co., Inc., 230 E. Ohio St., 

Indianapolis, Ind. (Apr. '47) 


KLETT 


ELECTRIC PHOTOMETER 


Adaptable for Use in Water 


MMERSON 


Analysis 
Can be used for any de- 


termination in which color 
or turbidity can be devel- 
oped in proportion to sub- 
stance to be determined 


KLETT MANUFACTURING Co. 
179 EAST 87th STREET - NEW YORK, N. Y. 
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INCREASED 


— RIFIER EFFICIENCY? 


Check REX 


¢ Assures an effluent of maxi- 
mum clarity. 
Requires detention periods 
of from VY te 2 of time re- 
quired by conventional tank. 
¢ Provides maximum capacity 
for any desired tank size. 
e Operates efficiently at high 


overflow rates. 


e Allows compact, eco- 
nomical grouping with 
other structures because 

of rectangular shape. 


CONVEYOR 
SLUDGE 
COLLECTOR 


Rex Verti-Flo Clarifier delivers a 
highly clarified effluent with an ex- 
tremely short detention period. This 
new, efficient unit consists of a series 
of adjustable weirs and baffles which 
divide a rectangular settling tank 
into a series of cells. Weirs are ad- 
justed to regulate closely the flow 
distribution among the cells for maxi- 
mum efficiency. Extremely long weir 
length is obtained with this unique 
principle. The combination of large 
weir length and low vertical veloci- 
ties assures a clearer effluent .. . far 
greater capacity ... minimum cost. 


HAIN 


REX 


SANITATION 


SECTIONAL 
{ELEVATION 


WOOD BAFFLES | | 


Rex Verti-Flo can be installed in 
existing tanks to increase capacity 
and improve performance. In new 
construction, use of this highly effi- 
cient unit can help reduce construc- 
tion costs by holding required tank 
size to a minimum. 

Rex Conveyor Sludge Collectors 
can be used with Verti-Flo to concen- 
trate sludge at one end of the tank 
and to maintain a fluid sludge blanket 
where desired. 

For all the facts, write Chain Belt 
Company, 1609 West Bruce Street, 
Milwaukee 4, Wis. 
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Condensation 


42 CONDENSATION 


Vol. 41, No.5 


Key: In the reference to the publication in which 
the abstracted article appears, 39:473 (May ‘'47) 
indicates volume 39, page 473, issue dated May 1947. 


If the publication is paged by the issue, 39:5:1 (May °47) indicates volume 39, number 


5, page 1, issue dated May 1947. 


Abbreviations following an abstract indicate that it 


was taken, by permission, from one of the following periodicals: B.H.—Bulletin of 
Hygiene (Great Britain); C. A.—Chemical Abstracts; I. M.—Institute of Metals (Great 
Briain); P.H.E.A.—Public Health Engineering Abstracts; W.P.R.—Water Pollution 


Research (Great Britain). 


FAR EASTERN SUPPLIES 


Australia Seeks New Water Re- 
sources. ANON. Wtr. & Wt-. Eng. 
(Gt. Br.), 51:430 (Sept. ’48). Dam 
proposed on Burdekin R. 780 mi. 
north of Brisbane, floodwater to be 
pumped back over Dividing Range 
and on to island watershed. Queens- 
land wants Burdekin dam for genera- 
tion of power as well as irrigation. 
It proposes dam 100’ high to hold 
back water for 100 mi. Area would 
be about 145 sq.mi. with capac. about 
5,500,000 acre-ft., to cost £12,000,000, 
with catchment area of 50,000 sq.mi. 
Water would be used to irrigate about 
400,000 acres. New Stirling Dam in 
Swanland in southwest corner of 
state of Western Australia has capac. 
of 44,000 acre-ft., exceeded by Can- 
ning Dam with 73,000 acre-ft.  Stir- 
ling Dam built in steep-sided valley of 
Harvey R. Western Australian govt. 
has long planned building dam on Ord 
R., in far northwest, to hold 2,000,000 
acre-ft. Eildon Weir dam in Goul- 
burn Valley (Victoria) will be among 
largest earth and rock dams, 244’ high 
and 2960’ long, and will increase pres- 
ent capac. from 306,000 acre-ft. to 
2,350,000, at estd. cost of £9,000,000. 


In design, conoidal type was _ pre- 
ferred to triangular. Type of constr. 
chosen is earth embankment, con- 


structed downstream from existing 
dam and connected to it by rock fill, 
so that new embankment would be 
stable in itself and would gain reserve 
of strength from existing dam.— 


H. E, Babbitt. 


(Continued on page 44) 


Fiji Public Water Supplies. Joun 
LoGAn Brown. Surveyor (Gt. Br.) 
107:391 (July 30, °48). Hitherto 
water supply schemes have conformed 
to simple pattern. Intake on stream 
at suitable el. to supply distr. system 
by gravity. There was no storage 
(except at Suva) and no treatment 
except screening at intake. Mains 
and distr. normally of cast iron al- 
though fair proportion of smaller 
wrought-iron piping found in smaller 
supplies. Some asbestos-cement pip- 
ing has been used for 10-15 yr. with 
satisfaction. Std. fire hydrant 23” 
curbside pillar hydrant. New scheme 
involves pumped supply from river 
with coagulation, sedimentation, rapid 
filtration and chlorination. First 
completed plant was for Tuva, in ‘41. 
4,000-gph. (Imp.) pump delivers water 
to dosing and mixing race on upper 
floor of filter house whence it flows 
through 2 sedimentation tanks, 6’- 
diam. filter and = chlorinator. Per 
capita consumption tends to be ex- 
cessive. To control consumption, 
policy of 100°% metering established. 
Suva now 10°; metered, and consump- 
tion is 90 gpd. (Imp.) per capita. In 
other supplies it is of order of 30 gpd. 
for metered paying services. Meters 
are of eccentric-cvlinder, positive type. 
Qual. of water entails fair amt. of 
maint. on these, and trial lot of rotary 
meters being installed.—J/. EF. Babbitt. 


Water Supply on Java. H. A. D. 
Linn. Water (Neth.) 32:187, 201 
(Sept. 30, Oct. 14, '48). Considera- 


tion of various factors, improvements 
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Horton Spheroidal Elevated Tank 


The Horton spheroidal design is practical for elevated water tanks of 
1,000,000-gal. capacity or larger. They can be built with two rings of 
cylindrical columns as shown above or an outer ring of columns and a 
large cylindrical or fluted central riser. The spheroidal tank shown in 
the above view is located at Columbia, Missouri. Write our nearest 
office for quotations on spheroidal, radial-cone or ellipsoidal-bottom ele- 
vated water tanks. 


CHICAGO BRIDGE & IRON COMPANY 


BIRMINGHAM CHICAGO TULSA BOSTON SALT LAKE CITY 
PHILADELPHIA NEW YORK DETROIT SEATTLE CLEVELAND 
SAN FRANCISCO HOUSTON ATLANTA HAVANA LOS ANGELES 
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of supply and organization of cen- 
tralized distribution systems, as well 
as role surface waters play in public 
health, leads author to some definite 
conclusions: [1] generally accepted 
viewpoint that best supply is that 
which furnishes bacteriologically pure 
water is only relatively correct; [2] 
effort to treat water to eliminate last 
pathogenic bacterium is detrimental, 
because substances providing resist- 
ance are withheld from consumer, so 
that medical organization must be 
available to prevent epidemics; supply 
of bacteriologically purified water is 
suitable only for highly civilized 
peoples with high hygienic standards 
and good medical service available; 
since with such supply, immunity to 
contagious diseases is lost, this solu- 
tion of problem is unsuitable for 


primitive peoples, especially in tropics, 


3,000,000 ART CONCRETE 
METER BOXES NOW IN USE! 


Since 1911 more than 1,500 different water 
systems throughout the Pacific Coast and 
Southern states have installed Art Concrete 
meter boxes! 


Let us explain how you, too, can benefit 


from Art Concrete. Write! 


Art Concrete Works 


PASADENA, CALIF. 


PORTLAND, ORE. 
HIALEAH, FLA 
CHARLOTTE, 


SHREVEPORT, LA 
PHOENIX, ARIZ 


OAKLAND, CALIF. 
JACKSONVILLE, FLA. 


SAN DIEGO, CALIF 
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where people are best served with 
supply of unpurified river or other 
water which is not poorer than that 
commonly used; [3] transportation 
of such water through open canals 
improves quality materially under 
influence of light; [4] improvement of 
water supply must take place gradu- 
ally and in relation to living condi- 
tions and medical services available; 
forcing water supply improvement 
may be backward step in improving 
health of primitive peoples.— Willem 
Rudolfs. 


Drinking Water Supply on Java. 
SCHAEFFER, C. O. Water (Neth.), 
32:245 (Dec. 23, '48). Linn claimed 
that providing treated water to natives 
detrimental (Water, 32:187, '48; see 
preceding abstract) to public health on 
Java. On basis of results and experi- 
ence author concludes that: [1] gen- 
eral public health measures at present 
more important than individual medi- 
cal help; [2] provision for bacteri- 
ologically safe water should receive 
priority; [3] assumed danger of re- 
duced resistance to diseases by in- 
habitants through breaking contact 
with pold. water not justified.— 
Willem Rudolfs. 


Temporary Dam—Cobb River, Nel- 
son [New Zealand]. EF. W. HEINE. 
New Zealand Eng., p. 1081 (Nov. 10, 
’48). Paper describes constr. of dam 
to provide addnl. storage for hydro- 
elec. generating station serving Nelson 
and Marlborough, while main dam 
some 2 mi. further downstream being 
constructed. By raising river level 
22’, storage vol. of 51,000,000 cu.ft. 
obtained, representing 1,700,000 kwhr. 
Dam of compacted earth with imper- 
vious core, side slopes being 3:1 and 
23:1. Length 690’, max. height 30’, 
earth fill 45,000 cu.yd. Work on 
access road began on Aug. 11, °47. 
On site first work done was on Aug. 
18, consisting of stripping of vegeta- 


(Continued on page 46) 
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“THE HEART OF 


Peerless Pumps utilize many different impeller 
designs to meet various fluid conditions 


What makes a pump “tick?” Its heart is 
an impeller! 

Pictured above are eight Peerless 
impeller designs for varying fluid condi- 
tions. No.1 forces water upward from 
deep wells. No. 2 is a double suction de- 
sign for high capacity horizontal pumps. 
No. 3 pumps solids in suspension. No. 4 
handles all liquids in small capacities, at 
high heads. No. 5 is of single suction 
design for process services. No.6 com- 
bines both radial and axial flow. No. 7 is 
a semi-open impeller for small diameter 
deep wells. No.8 is an impeller that 
“propels” large liquid volumes. 

The point is—capacities, lifts, heads, 
temperatures, chemical analysis, clarity, 
shaft speeds are seldom common to dif- 


PEERLESS PUMP DIVISION 
FOOD MACHINERY AND CHEMICAL CORPORATION 


Indianapolis, Indiana 


Los Angeles 31, California 


ferent pump services and installations. 
Because fluid conditions vary, Peerless 
pump designers are versatile and Peerless 
pumps utilize this versatility in different 
impellers for varying fluid conditions, 
successfully pumping most liquids in all 
industries. 

Plan with Peerless for all your needs 
for pumps. Select the pump you require 
from the comprehensive Peerless line of 
both horizontal and vertical type pumps. 
Individual descriptive bulletins are avail- 
able on the 
type of 
pump you 
require. Re- 
quest your 
copies today. 


Peerless 


VERTICAL AND HORIZONTAL 


Pumps 


District Offices: New York 5, 37 Wall Street; Chicago 40, 
4554 North Broadway; Atlanta Office: Rutland Building, 
Decatur Georgia; Omaha, Nebraska, 4330 Leavenworth 
St.; Dallas 1, Texas; Fresno, Calif.; Los Angeles 31, Calif. 
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STOP FISH 


BY ELECTRONICS 


employs modern electronics in over- 
coming a serious operating and mainte- 
nance problem. Fish of all sizes are kept 
at a safe distance from intake structures, 
or screens, by the use of an Electronic 
Control Unit. This equipment, gener- 
ating special electrical impulses, ener- 
gizes an electrode system designed and 
engineered for your particular fish con- 
trol problem. 


The Burkey Electric Fish Screen has 
been thoroughly proven through years 
of service in Condensing Water Intakes, 
Hydroelectric Plants, Water Systems 
and Industrial Pumping Installations. 


DOES NOT STUN OR KILL FISH. 


Recommended by State Conservation O fficials. 
Free literature and quotations upon request. 


Electric Fish Screen Co. 


1130 Ne. Poinsettia Place, Hellyweod 46, Calif. 
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(Continued from page 44) 


tion and topsoil, then excavation of 
cutoff trench, which varied from 5’ to 
10’ in depth. At same time trench 
cut alongside river for 5’-diam., 8’- 
long discharge pipes of reinforced 
concrete. These were dragged into 
position from downstream side with 
hand winch, last 10’ or so being placed 
on layer of stiff grout to form tight 
joint at bottom of pipe. After plac- 
ing, pipes were concreted up to center- 
line and concrete collars poured over 
each joint, to lengthen seepage line 
along pipe and provide key with ma- 
terial of dam. Dam built in 2 parts, 


| first up to edge of river and then 


across river. Core and_ shoulders 
built together in 6’’ layers compacted 
with double-drum sheepsfoot tamper. 
Pneumatic tampers used to consoli- 
date earth close to discharge pipe. 
Gravel and stone inverted filter drain 
placed along downstream toe. Up- 
stream face covered first with layer 
of gravel and then with layer of 


This patented fish control method | boulders of 2’—3’ size, to act as wave 


protection. Concrete spillway, 198’ 
long, constructed with 45-deg. side 
slopes and rounded crest, avg. height 
being 4’. Crest 8’ below top of dam. 
Equip. used on constr. consisted of two 
12-yd. and two 8-yd. carryalls with 
tractors, one sheepsfoot tamper which 
was also fitted with blade for general 
cleanup work, one bulldozer, shovel 
and dragline machine and dumpers. 
Despite considerable heavy rain— 
actually rain fell on 88 days during 
constr.—work completed on Dec. 16, 
"47.— Ed. 


CONTROL EQUIPMENT 


Automatic Control Equipment for 
Water Softening Plant and Filters. 
Anon. Wtr. & Wtr. Eng. (Gt. Br.), 
51:180 (Apr. °48). Basically con- 
troller (for regeneration) consists of 
revolving drum driven by fractional- 
hp. electric motor. Drum, fitted 
with adjustable cams, makes one 


(Continued on page 48) 
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CHICAGO 


(Completed in 1947) 


Chicago's new South District Filtra- 
tion Plant, the largest in the world, 
supplies filtered water to over 
1,500,000 people in Chicago and 
its suburbs. Builders-Providence filter 
equipment was installed in this giant 
plant by Pitt Construction Company. 
For Bulletins describing Builders 
waterworks equipment, address 
Builders-Providence, Inc., (Division 
of Builders Iron Foundry), Provi- 
dence 1, R. I. 


BUILDERS 


Ww 
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PROVIDENCE 


ALVORD, BURDICK & HOWSO? 
Consultants 


GREELEY & HANSE 
Consultants 


Builders-Providence 
equipment furnished for 
South District Filtration 
Plant: 


80 20” Venturi Rate of 
Flow Controller 

76 3-dial Filter Gauges 
(Sand Expansion, 
Loss of Head, Rate of 
low) 

160 Pneumatic Transmit- 
ters 

4 Master Filter Gauges 

4 20-unit Pneumatic Sum- 
mators 

2 2-unit Pneumatic Sum- 
mators 

10 30” Double Dial Illum- 
inated Gauges 

4 30” Back Wash Venturi 
Controllers with 
Pneumatic Transmit- 
ters and Recorders 

4 16” Surface Wash Ven- 
turi Tubes with Pneu- 
matic Transmitters 
and Recorders 
Illustration shows 

Builders Master Gauge and 

Operating Table. 
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revolution in time required for re- 
generation, or for performing any 
other complete process. Immediately 
below cam drum is relay block con- 
taining relay valves, each operated by 
appropriate drum cam through valve 
plunger. Any relay valve can be 
operated independently by hand con- 
trol. Hydraulically operated valves 
essential feature of automatic control. 
Complete and correct sequence of 
shutting down softener, backflushing, 
brine injection, rinsing and recom- 
mencing softening carried out without 
attention. Backwashing operations 
of filter systems carried out in similar 
manner.—H, E. Babbitt. 


Rangitita Irrigation Scheme, New 
Zealand. Remote-Controlled Sluices. 
Anon. Wtr. & Wtr. Eng. (Gt. Br.) 
51:535 (Nov. '48). Control panel at 


(Contimued from page 46) 
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control station carries lamps, keys and 
push buttons, and often has single-line 
diagram of network controlled. 
These principles have been applied to 
operation of irrigation scheme in New 
Zealand. Flow of water controlled 
by gates of electrically operated verti- 
cal-lift or radial type. Single pair of 
overhead pilot wires, following course 
of water, links gate locations. Each 
gate indicated on panel by light and 
operated by lever-type ‘‘select’’ key. 
Operation of this key transmits 
“start’’ signal to control station 
equip. and at same time ‘marks’ 
point on bank of ‘‘sending”’ selector. 
After delay period, sending selector at 
control begins to step to find marked 
point on its bank. At required gate, 
circuit now prepd. for performance. 
Control engr. depresses either “‘up”’ or 
“down” push button, as_ required. 


GLOSSARY — 


Approximately 276 pages 


works terms. 


January 31, 1949. 


500 Fifth Avenue 


Water and Sewage Control Engineering 
A Joint Project of the A.W.W.A., A.S.C.E., F.S.W.A. & A.P.H.A. 


If you read, if you write, if you talk or even if you think water 
works, you need this book! In no other way can you keep the 
complete terminology of the field at your fingertips. From no 
other source can you obtain the water works definition of water 


Scheduled to appear any day now, the Glossary has been 
offered to A.W.W.A. Members at a special price of $1.00 per 
copy for the paper-bound edition, or $2.00 per copy for the 
cloth-bound edition, in a special membership mailing dated 


The needs of nonmembers will be taken care of at a later 
date at advanced prices, but if you’re a member, be sure to 
reserve your copies now at the special membership price, from: 


AMERICAN WATER WORKS ASSOCIATION 


Almost 3,000 entries 


New York 18, New York 


uf 
ty 
A 
j 
i 
| 


May 1949 JOURNAL A.W.W.A. 


YOUR BEST ASSURANCE 
OF DEPENDABLE» 
PERFORMANCE 


4 


The installation of Mueller Ground Key Corpora- 
tion and Curb Stops is your best assurance of 
heavy sections from high copper content bronze 
which gives maximum resistance to corrosion. 
"Precision grinding and lapping of the key into 
the body affords a leak-proof fit and easy turn- 
m; ing. These are just a few of the many outstand- 
3. ing features of Mueller Ground Key Corporation 
F; and Curb Stops. Ask your Mueller Representa- 
tive to give you complete details or write us 


MAIN OFFICE AND FACTORY | 
FACTORIES: Los Angeles, Cat: Tenn: Serna Ont. Canada 


H-15020, 
| 
45275 
: 
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When desired, engr. presses button 
designated ‘‘indicate."’ Indicating se- 
lector synchronized with receiving 
selector at gate. Position pointer, on 
front of control panel, calibrated to 
record gate position. Stepping and 
impulsing continue until ‘‘stop”’ signal 
received from gate. Line protector 
unit installed at each gate and at 
control to protect equip. and personnel 
against excessive voltages induced in 
pilot wires.—J/. /:. Babbitt. 


Progress in Automatic Control. \W. 
STUART Mitts. Wtr. & Sew. (Can.) 
85:7:21 (Jul. °47). Control mecha- 
nisms and methods in ‘“‘continuous- 
flow” industries have progressed 
rapidly in last 15 vr. Fundamental 
factors involved and terminology dis- 
cussed. Controllers categorized with 
respect to controlled variable, measur- 


CARSON CLAMPS 
Stop Joint Leakage 
Write for information 


CARSON-CADILLAC COMPANY 


1221 Pinson Street 
Birmingham, Alabama 


(Continued from page 48) 


Vol. 41, No. § 


ing means, auxiliary power source and 
controller's responses. Fundamen- 
tally, all automatic control problems 
essentially similar. Ease of applica- 
tion depends largely on absolute and 
relative amounts of various lags, 
which are discussed. Response char- 
acteristics of pneumatic controllers 
described with aid of plots based on 
time of reaction of final control ele- 
ment corresponding to variations in 
controlled variable.—R. Thompson. 


Electrical Telemetering. A. Luin- 
FORD. Wtr. & Wtr. Eng. (Gt. Br.), 
51:106, 167 (Mar., April '48).  Tele- 
metering devices increasingly impor- 
tant in large plants where tendency is 
to assemble all registering elements on 
central panel. Electrical measure- 
ments can be transmitted over any 
distance and device can be used to 
transmit value of any measured 
quantity. Complete electrical tele- 
metering installation consists of four 
items: [1] mechanical element which 
detects value of function to be trans- 
mitted; [2] transmitter to convert 
mechanical movement into electrical 
quantity; [3] receiver which converts 
signal into indication or chart record 
of function measured; and [4] trans- 
mission line wires. Five main groups 
of transmitters can be distinguished: 
[1] System measuring value of elec- 
trical quantity. At transmitting end, 
movement produced by mechanical 
element—e.g., float—is applied to 
contact arm of variable wire-wound 
resistor. Arm and one end of resistor 
connected to pair of transmission line 
wires. Resistance across line wires 
varies with function being trans- 
mitted. Receiver measures this re- 
sistance by means of moving coil 
element of special design. [2] Self- 
balancing system. Transmitter ele- 
ment consists of variable wire-wound 
resistor whose contact arm is moved 
by mechanical device which measures 
function to be transmitted. 3 line 


(Continued on page 52) 
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ETERS 
ERICAN WATER MET 
STANDARDIZING 


@ By using Buffalo-made Meters throughout, you base 
your standardization on the higher meter earning 


power and other benefits that Buffalo’s quality 


construction and simplicity of design will bring. 


SRONTE CASE 
= NIAGARA 


BUFFALO METER... 
COMPANY 


BECAUS: = | 
4 
\ 
WATER 
METERS 
(2914 MAIN STREET, BUFFALO 14, N. 
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CONTROL 


RESIDUAL 
CHLORINE 


CHLORINE is indispensable in the 
purifying of municipal water. 
Necessary, also, is the condi- 
tioning of this water for drinking 
purposes by the use of an ef- 
fective antichlor, to make it 
more pleasant-tasting. 

Superintendents and en- 
gineers of well managed plants 
make routine use of “Virginia” 
liquid Sulfur Dioxide (“Esotoo”’) 
in their filtering installations. 
They know, from experience, 
that “Esotoo” provides that ac- 
curate and positive control 
residual chlorine which is so 
essential to palatable drinking 
water. 

Our technical staff is at your 
service in solving this problem. 
Write to us for full information 
zbout “Esotoo” (SO,) as a de- 
chlor. Virginia Smelting Com- 
pany, West Norfolk, Virginia. 


50 YEARS OF SERVICE TO INDUSTRY 


3000 


The projerred dechlor 


WEST NORFOLK e NEWYORK e BOSTON e DETROIT 
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(Continued from page 50) 


wires required; one connects one end 
of transmitter resistance in series with 
one arm of bridge, second wire con- 
nects other end of transmitter resist- 
ance in series with another bridge arm, 
while third wire connects sliding con- 
tact to sensitive galvanometer situ- 
ated in receiver. [3] Ratiometer sys- 
tem. Ratio of inductances of two 
coils used as means of conveying in- 
formation. Method of varying in- 
ductances depends on effect of closed 
conductor on coil energized by alter- 
nating current. Coil through which 
alternating current is passing will in- 
duce emf. in conductor surrounding 
coil. If conductor forms closed cir- 
cuit, current will flow in it. Energy 
required to drive current must be 
supplied by coil. Effect is to draw 
more current from circuit supplying 
coil. Since same effect would be 
produced by reducing indyictance, it 
is said closed conductor reduces in- 
ductance of coil which it surrounds. 
Amount by which inductance is re- 
duced depends on coupling between 
conductor and coil, and effect is 
greater the nearer they are together. 
[4] Impulse system. Variable-dura- 
tion impulse (V.D.I.) systems have 
advantage that accuracy of repetition 
depends only on timing of impulses, 
and is independent of moderate 
changes of amplitude. Kent V.D.I. 
system works in cyclic fashion, each 
cycle lasting about 1 min. At begin- 
ning of cycle, switch in transmitter is 
opened and remains open for period 
less than 1 min., duration depending 
on value of function to be trans- 
mitted. Transmitter switch is con- 
nected by 2 line wires to electromag- 
net in receiver. In Bailey Synchro- 
meter transmitter and receiver are 
similar since each contains identical 
cam rotated at constant speed, and 
pair of contact arms. In transmitter 
one contact arm is moved up and down 
by cam. Second contact arm, above 
first, rests against stop which is 


(Continued on page 54) 
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YOU BUY BY WEIGHT... 


FEED BY WEIGHT ; 


dry 


ash, 
ford 
over 


feed 


OMEGA Belt Type 
Gravimetric Feeder 


For accuracy of chemical feeding, 
for economy of materials, and for 
trouble-free service — install the 
OMEGA Belt Type Gravimetric 
Feeder. This dependable unit feeds 
by weight either fine or coarse 
materials with an accuracy of 98% 
or better. The unique operating 


mechanism and sensitive scales provide 
complete uniformity of feeding, elimin- 
ating wasteful overfeeding, costly stop- 
pages, or underfeeding. With the 
Gravimetric Feeder you can handle any 


chemical commonly used in the 


waterworks—lime, ferric sulphate, soda 


alum, etc. Precise adjustments af- 
infinite variations in feeding rate 
a 100 to 1 range... standard units 
from 10 to 10,000 Ibs. per hr. 


Equip your Feeder with an Omega Dust 
OMEGA PRODUCTS Collector for easier housekeeping. 
Volumetric Feeders * Gravi- Banishes bothersome dust and soon pays 


metric Feeders * Solution Feed- 


ers © Lime Slcking Equipment for itself in convenience and cleanliness. 


Bucket Elevators * Laboratory 
Stirrers 


OMEGA MACHINE COMPANY 


Write for Bulletins. 


(Division of Builders Iron Foundry) 


PROVIDENCE 1, R. I. 
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(Continued from page 52) 


positioned mechanically in accord- 
ance with function to be transmitted. 
Period of contact between 2 arms 
depends on position of stop. Re- 
ceiver contains similar arrangement. 
Operation of system depends on syn- 
chronization of receiver with 
transmitter cam. 3 receivers can be 
operated by 1 transmitter, and trans- 
mission distance is limited only by 
line resistance. [5] Electronic  sys- 
tem. Radio valve forms basis of 
nearly all electronic apparatus. Diode, 
simplest type of radio valve, consists 
essentially of 2 pieces of metal in 
vacuum, one hot enought to emit 
electrons. Other is cold, and acts as 
collector of electrons. Hot member 
(cathode) connected to negative end 
of d-c. supply, positive pole being 
attached to cold member (anode) of 
valve. Due to negative charge, elec- 


trons flow opposite to “flow of cur- 
rent” through valve and pass from 
negative to positive pole. In triode, 
mesh of fine wire is interposed be- 
tween anode and cathode. Electric 
potential of grid is usually few volts 
negative to cathode. Electrons leav- 
ing cathode are repelled by grid and 
only fraction reach anode. As grid 
voltage is made less negative, more 


anode current can pass, and vice 
versa. In Evershed Electronic Re- 
peater, input required to operate 


transmitter is torque proportional to 
value to be transmitted. In normal 
condition input torque balanced by 
torque due to coil in pot magnet. 
When torques fail to balance, pivoted 
arm turns slightly causing disc con- 
tact to touch one or other of fixed 
contacts. This applies either positive 
or negative voltage to valve grid and 


(Continued on page 56) 


LIMITORQUE 


VALVE CONTROLS 


Operate by the “push of a button’’, from either re- 
mote or nearby control panel. 
to stem, seat, disc, gate or plug, because the Torque 
Seating Switch limits the torque and thereby shuts 
off the motor, before trouble can occur. 
are in daily use on land and sea. 


They prevent damage 


Thousands 
Other features are: 


Self-contained unit—no gears, nuts or bearings to buy. 
Weatherproof, dust-tight and watertight construction. 
Hammerblow device. 

Non-rotating handwheel built into the unit. 

Automatic declutching. 

One terminal board for all electrical connections. 


Write for new Catalog, and please use your Business Letterhead when writing 


PHILADELPHIA GEAR WORKS, Inc. 
ERIE AVENUE and G STREET, PHILADELPHIA 34, PA. 


NEW YORK PITTSBUAGH CHICAGO 
In Canade: William and J. G. Greey Limited, Toronto 
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Worthington-Gamon 
WATCH DOG w 


The meter used by thousonds 
of in the U S. 
ond obrood 


SURE TO MEET YOUR 
SPECIFICATIONS FOR ACCURACY, 
LOW MAINTENANCE, 

LONG LIFE 


Before you invest in water meters, get acquainted 
with the design and performance advantages 

whith make Worthington-Gamon 

Watch Dog Water Meters first choice of so many 
municipalities and private water companies 

in che Unuted States 


JOURNAL A.W.W.A. 


WATCH DOG WATER METERS 
“Weth Bag” models... mode in sapodiia: trom 
rype. type Compoung type Witte be Butigtin, 


WORTHINGTON-GAMON 
METER COMPANY 
296 South Street, Newark 5, New Jersey 
Subsidiary of 
WORTHINGTON 


PUMP AND MACHINERY CORPORATION 
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APPROVED 
by " LABORATORIES, Inc. 


GREENBERG 


Independently Valved HYDRANTS 


for non-freezing climates 


Western water works engineers and fire 
chiefs were the first to approve Greenberg 
California-type fire hydrants. Now, after 
exhaustive tests, Underwriters’ Laborator- 
ies, Inc. has confirmed your judgment. 

Greenberg No. 74 and 76 hydrants are 
equipped with independent valves of a 
new type which open quickly and easily, 
allowing full flow with minimum resist- 
ance. They close tightly without water 
hammer. A major improvement over the 
old “cork in bottle” type valve! 


Other innovations such as you 
would expect of the people 
who evolved the California- 
\ type hydrant 75 years ago are 
shown in the free booklet “Hy- 
drants by Greenberg."’ May we 
send you a copy? 


STABILITY 1854 


M. GREENBERGS SONS 


765 Folsom St + San Francisco » Calif « EXbrook 2-3144 
Los Angeles Seattle « Portland « Salt Lake City * Denver 
EI Paso * New York Hartford Washington, D.C. 
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(Continued from page 54) 


| causes anode current to change. 
Receivers used are standard d-c. 
milliammeters. Number of receivers 


can be operated by single transmitter. 
Foregoing examples show each instru- 
ment has its own advantages and dis- 
advantages and choice must depend 
on factors peculiar to operating con- 
ditions.—H. E. Babbitt. 


CORROSION 


Amine Volatility and Alkalinity in 
Relation to Corrosion Control in 
Steam Heating Systems. A. A. BERK 
& J. Nicon. U.S. Dept. of Interior, 
Tech. Paper 714, Washington, D.C. 
(48). Investigation conducted as co- 
operative project of Bureau of Mines, 
and Repairs and Utilities Branch of 
Office of Chief of Engrs. Corrosion 
tests run to compare usefulness of 
several amines for treatment of steam 
systems to prevent return-condensate 
corrosion. For comparison, studies 
included tests of corrosiveness of con- 


| densate from untreated steam of low 
and high carbon dioxide contents. 


No active corrosion occurred at any 
of testers when amines used. No 


| single factor appeared to be responsi- 


| rosion. 


ble for such minor corrosion as was 
observed in alk. solns. resulting from 
amine treatments. No unique in- 
hibiting properties peculiar to any 
one amine found for those studied. 
Batch feed at 8-hr. intervals ap- 
peared to be as effective as continu- 
ous treatment for providing alk. 
condensates and thus preventing cor- 
Corrosion produced by acidic 
condensate on coiled-wire test speci- 
mens tended to be increased by in- 
creased carbon dioxide content and 
also by increased flow. Effect of 
temp. and D.O. upon such corrosion 
apparently less important. Data do 
not warrant more definite conclusions 
on factors influencing corrosion. 
More enlightening data expected from 
addnl. tests now in progress. Of 3 


(Continued on page 58) 
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MONO-CAST CENTRIFUGAL PIPE 
WITH JOINTS FOR EVERY SERVICE CONDITION 


Mono-Cast Centrifugal Pipe can be supplied with joints for con- 
veying water, gas, oil sewage, and other liquids under every service 
condition. In most cases, these joints can be made up with un- 
skilled labor and without special tools. Among the joints available 


1. DOUBLEX SIMPLEX JOINT PIPE — 
standardized mechanical joint pipe equip- 
ped with stuffing box type of joint having 
a ring gasket, cast iron gland, and cast 
iron bolts. Scientifically designed to meet 
the exacting requirements of low, medium 
and high-pressure service in handling gas 
and liquids. 


SCREW-GLAND JOINT PIPE — An all- 


purpose economical, mechanical joint 
pipe suitable for water, gas, oil and other 
fluids, developed in answer to the demand 
for a rubber-packed joint without bolts 
suitable for normal service and pressure 
conditions. 


ROLL-ON-RUBBER RING JOINT PIPE 


— Designed as an alternate for bell and 
spigot pipe for conveyance of water, 
sewage or similar liquids. It is quickly 
and easily assembled by unskilled labor 
and after assembly the joint will easily 
deflect and remain tight under pressure. ‘ 


MOLOX BALL AND SOCKET JOINT 


PIPE — An exclusive Acipco develop- 
ment, designed for river crossings and 
other installations requiring excessive 
joint deflection. It remains bottle tight 
under pressures up to several hundred 
pounds per square inch. 


STANDARD BELL AND SPIGOT PIPE 


— Used under norma! service conditions, 
the standard bell and spigot joint will 
give long and dependable service. It is 
supplied in diameters 3’ through 48” in- 
clusive. 


AMERICAN CAST IRON PIPE COMPANY 


Birmingham 2, Alabama 
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The QUEST for 
PURE WATER 


by 
M. N. BAKER 


Here, at long last, is a comprehen- 
sive history of water purification from the 
earliest records to the twentieth cen- 
tury, relived and recorded by M. N. 
Baker following his retirement as Asso- 
ciate Editor of ‘Engineering News- 
Record” in 1932. Here, as Abel Wol- 
man says in his foreword, is “an inex- 
haustible treasury of authenticated 
information,” which no student of water 
treatment can afford to miss. 


466 Text Pages 
73 Illustrations 
900 References 


List Price .........$5.00 


Special Price to Mem- 
bers who send cash 
with order ......$4.25 


Onder from 


American Water 
Works Association 
500 Fifth Avenue New York 18, W. Y. 


CONDENSATION 


Vol. 41, No.5 
(Continued from page 56) 


amines used, cyclohexylamine very 
volatile in boiling water and quite 
alk., benzylamine moderately volatile 
and moderately alk., and morpholine 
least volatile and only mildly alk. 
High volatility tends to result in 
losses during de-aeration; low vola- 
tility tends to résult in losses in blow- 
down. High alky. tends to prevent 
removal of carbon dioxide, thereby 
increasing percentage recirculation of 
this substance and its concen. in sys- 
tem. Higher concn. of amine _ re- 
quired in system, greater amine 
makeup required, as, in general, losses 
due principally to wasted condensate. 
Concn. of morpholine tends to de- 
crease during distr. of steam at low 
pressures (5 psi.). Where such lines 
long and much steam lost through con- 
densation in piping, use of morpholine 
not recommended. Amine which in 
very dilute soln. distilled without 
change in concen. at atmospheric boil- 
ing point would then be regarded as 
having min. required volatility. Cal- 
cns. made comparing amine makeup 
required for each treatment when 
500,000 Ib. of steam was generated 
and feedwater makeup, contg. 200 
ppm. free and combined carbon 
dioxide, was 6, 12 and 209%. Com- 
parisons made at blowdown rates of 
2 and 5°), based upon load. From 
standpoint of quants. used, cyclo- 
hexylamine appeared to be less de- 
sirable than either morpholine or 
benzylamine under chosen conditions. 
Morpholine somewhat superior to 
benzylamine when blowdown small 
compared to makeup, but reverse true 
when blowdown made relatively high. 
These conclusions apply to particular 
plant that was operated at 60-psi. 
steam pressure and had de-aerating 
heater operated at 215°-220°F. At 
higher steam pressures, comparison 
probably would be even less favorable 
to cyclohexylamine and more favor- 
able to morpholine. At lower pres- 
sure, inexpensive amine of volatility 
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{Patent applied for) 


Our staff of Sanitary En- 

gineers will cooperate with 

consulting and operating ‘ 


American 


HOMOMIX 


without a Mixing Tank 


for complete technical data. 


JOURNAL A.W.W.A. 


CHEMICAL 
MIXING 


The HOMOMIX gives instantaneous, violent, 
and uniform mixing of one or more chemicals, 
or gases, with water. Immediate, total diffusion— 
the most important factor for the efficient and 
economical addition of chemicals or gases—is 
obtained without the use of a mixing tank! For new 
plants it eliminates the necessity for costly mix- 
ing tank construction; for existing plants it can 
be effectively used to improve treatment. 


The HOMOMIX, in one or more stages, is 
installed in, and forms part of, the piping. 
Diffuser impellers rotate in blending chambers 
and discharge directly across the flowing- 
through stream. Each chamber has one or more 
chemical inlet connections and a transparent 
plastic observation port through which the mix- 
ing action is visible. A lifting stage can be 
provided for additional head, if required. Write 


UBSERVATION PORT 


RAW WATER 


engineers in suggesting the 
process of treatment and 
type of equipment best 
suited to individual needs. 


IN OUR BOTH YEAR ; Pumping, Sewage Treatment, and 
112 North Broadway | SAN] Water Purification Equipment 
AURORA, ILLINOIS RESEARCH~ ENGINEERING MANUFACTURING 


Offices: Chicago * New York * Cleveland + Cincinnati * Kansas City + Soles Representatives throughout the World 
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HELLIGE 


TURBIDIMETER 


A TURBIDIMETER 


WITHOUT STANDARDS 


Accurate Foolproof Universal 


MEASUREMENT 
OF TURBIDITY (SiO») 
DETERMINATION OF 
SULFATE (SO) 

AND OTHER 
APPLICATIONS 


The Hellige Turbidimeter does not 
require standard suspensions and is not 
affected by fluctuations in line voltage. 


ACCURATE, FOOLPROOF AND 
UNIVERSAL, this precise instrument 
is ideally suited not only for turbidity 
and sulfate determinations of water but 
for measurements of suspended matter 
in general. Turbidity measurements can 
be_ made down to zero-turbid water. 


Those familiar with the cumbersome, 
long tubes and inconvenient methods 
employed with older apparatus will ap- 
preciate the short tubes of the Hellige 
Turbidimeter and its simple operation 
which permits anyone without special 
training to make determinations quickly 
and accurately. 


WRITE FOR CATALOG No. 8000 


HELLIGE 


INCORPORATED 
3716 NORTHERN BLVD. LONG ISLAND CITY 1, N.Y. 
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| chlorination methods. 
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(Continued from page 58) 


higher than that of morpholine would 
appear to be most suitable.—Ed. 


Measurement of Corrosion Pits in 
Boiler Tubes. B. M. THORNTON. 
Engineer (Gt. Br.) 163:229 (Mar. 28, 
47). Describes tool designed to de- 
tect and measure corrosion pits using 
electrical instrument for measuring 
thickness of boiler tubes in place, and 
of nonferrous castings. New explor- 
ing head designed for detecting loca- 
tion and presence of serious pitting. 
One man moves head steadily through 
tube, while another watches micro- 
ammeter.— Corr. 


Report on Experience With Copper 
Water Pipes in Soil. Water (Neth.), 
33:15 (Jan. 20, '48). About 50,000 
connections made to copper mains; 
28°% of water industry uses copper 
pipes for distr. lines. Corrosion sel- 
dom occurs and use of copper pipes 
considered acceptable for all soil and 
water conditions in Holland; when 
ground water brackish, caution ad- 


vised. Use of bronze or red copper 
couples prevents corrosion.—W’. 
Rudolfs. 


STERILIZATION 
Chlorination of Water Supplies. 
Anon. Report of the Water Exam- 


ination Committee, London Metro- 
politan Water Board (Gt. Br.), p. 3 
(Feb. 18, '49). Discusses report of 
Director of Water Examination, E. F. 
W. MacKenzie, on investigation of 
Mackenzie re- 
port considered not only of scientific 
interest but of great practical impor- 
tance to board. His conclusions ‘“‘are 
the result of long continued researches 


and are not only valuable from the 


point of view of health but should also 
' enable the Board to save considerable 
sums of money.” Contributions 
made by Alexander Houston to prac- 
tice of water chlorination during 


(Continued on page 62) 
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You Need a 


KENNEDY 
Electrically Controlled 
Valve 


Where manual operation is too lengthy or too difficult. 
Where valve control is desired at a distant 
point, or at two or more points. e Where a group 
of many valves must be operated frequently. 


KENNEDY furnishes electrically controlled valves, 
for standard and low pressure services and all 
standard A.C. and D.C. voltages. 

The motor, reduction gearing and limit switches 
are fully enclosed in a weather-proof housing. 
Safe, dependable operation is secured through ac- 
curately set limit switch with torque seating and 
thermal overload protection. 

Emergency manual operation provided. Hand- 
wheel does not turn while valve is operated elec- 


‘ KENNEDY Fig. 611G., Top- 
trically. mounted Electrical Control on 


: Standard, Iron Body, Double- 
r y, ouDle 
KENNEDY electrically operated valves are ready as 


for use. Setting of limit switch, trial operation and 125 Steam, 175 pounds Water, 
: Oil or Gas; 4” through 60” sizes 
hydrostatic test are all completed at the factory. — _ 


rm = = = Check List for Use with Inquiries or Orders= = = = 4 


i [] Size of valve and whether O.S. & Y. or Non-rising Stem. 

() Working or test pressure and actual unbalanced pressure on discs. 

[] Type connection; flanged, bell ends, or special. 

(1) Position of valve in pipe line. 

C) Electric current characteristics; D. C. or A.C. voltage; phase, cycles if A.C. 

[] Number of control stations wanted. 

(J Brief description of installation; fluid or gas controlled, frequency of 
operation and function of valve. 


Write for complete information. No obligation. 


KENNEDY 
1066 EAST WATER ST. 
4, ELMIRA, NEW YORK 


VALVES - PIPE FITTINGS = FIRE HYDRANTS 
OFFICE-WAREHOUSES IN NEW YORK, CHICAGO, SAN FRANCISCO + SALES REPRESENTATIVES IN PRINCIPAL CITIES 
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(Continued from page 60) 


"1819 reviewed, with particular ref- 
erence to super- and dechlorination as 
applied to treatment of river water 
after filtration; no progress made in 
application of his discoveries at that 
time. Since ’26, terminal treatment 
of board’s river supplies by chloramine 
process has become standard method 
of disinfection. Investigations by 
MacKenzie, in 1932 and subsequently, 
indicated superior rapidity of chlorine 
over chloramine as bactericidal agent. 
Since  superchlorination has 
gradually displaced chloramine treat- 
ment of Board’s well supplies, without 
complaint of taste in water so treated, 
and with detection of no Esch. coli in 
99.92 per cent of 1772 samples col- 
lected. Credit given to elucidation, 
in U.S., of ammonia breakpoint; and 
to recent introduction of tests which 
distinguish free chlorine from chlor- 


For Sale 
Immediate Delivery 


CAST-IRON PIPE 
AND FITTINGS 


Class-150.— B. & S. A.W.W.A. 


New Pipe—4, 6, 8, 10 and 12 in. 
Reconditioned Pipe—12, 16, 20 and 24 in. 
Valves—All Sizes—New and Reconditioned 


Flanged Pipe—6, 8 and 10 in. New 
—12 and 14 in. Reconditioned 


C-I. Water Pipe Fittings—All Sizes and 
Kinds 


Soil Pipe—From 2 to 15 in., and Fittings. 
Immediate Delivery 


Tagco, Inc. 
111 Front Street 
Hempstead, LI., N.Y. 
Telephones: Hempstead 2-5535 and 8857 


amine. These contributions have en- 
abled dose of chlorine to be maintained 
at amount required to effect disin- 
fection and to prevent production of 
tastes in river supplies after filtration 
with exactitude previously impossible. 
As result of these advances, it was 
decided in '47 to introduce super- 
chlorination treatment of: river water 
on plant scale. Barnes works selected 
for this experiment because, after 
filtration, contact period is provided 
before water passes into distr. system. 
After minor difficulties overcome, 
change to  superchlorination com- 
plete vy successful. Use of this process 
was slowly extended and has now been 
introduced at all board’s filtration 
works. Tabulation shows percentage 
purity of water pumped into supply 
from each of works for period during 
which superchlorination has been used 
and for corresponding period in pre- 
ceding year when chloramine was 
used. A summary of this table 
follows: 


Samples Negative in 
100 ml.—% 


Super- 
Works Chloramine chlorination 

Hornsey 98.7 99.7 
Stoke-Newington 95.0 99.6 
Lee Bridge 94.4 99.7 
Kempton Park 98.8 100.0 
Kew Bridge 100.0 100.0 
Surbiton 100.0 99.0 
Hammersmith 94.0 100.0 
Hampton 100.0 100.0 
Walton 98.1 100.0 
Avg. 96.8 99.8 


Of 3116 superchlorination treatment 
samples examined, 5 contained Esch. 
coli; these account for 0.2 per cent of 
samples which were not negative. 
Four of these occurred when super- 
chlorination could not be maintained, 
owing to increase in natural ammonia 
content of water. Fifth bad sample 
probably due to chlorination diffi- 
culties typical of particular works con- 
cerned. Results tabulated have been 
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CRACKS IN CONCRETE BASIN SEALED WITH NO-OX-ID 


Stop Leakage 


Thanks to NO-OX-ID waterproof coatings, finished water and profits no 
longer seep through cracks in the clarifying basin in this California plant. 
Engineers in the Ventura Filtration Plant, after several attempts to stop dis- 
figuring leakage into pipe gallery, had the clarifier walls cleaned of lime sludge 
deposits and then coated with tough, chemically inhibited NO-OX-ID and 
two layers of fabric wrapping. 


In addition to saving many gallons of finished water, it was found that 
algae did not adhere to the NO-OX-ID-coated surfaces; walls were more easily 
washed down. NO-OX-ID is equally effective on new or old installations; 
extends serviceable years of concrete and metal. 


THE LEADER IN RUST PREVENTIVES 
AND BOILER WATER TREATMENT 


DEARBORN CHEMICAL COMPANY 


310 S. Michigan Ave., Chicago 4 » 807-15 Mateo St., Los Angeles 
205 E. 42nd St., New York . 2454 Dundas St., West, Toronto 
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obtained at works where contact time 
usually is only few minutes and where 
considerable difficulty has been en- 
countered in past in attaining satis- 
factory degree of disinfection. As 
superchlorination was so successful, 
it was considered that prechlorination 
of water ahead of filtration could be 
stopped without resultant deteriora- 
tion in quality of the finished water. 


Experiment tried at works where 
i quality of filtered water particularly 
dependent upon this process. Filter 


effluent became extremely bad, con- 
taining up to 90 Esch. coli per 100 ml., 
yet water pumped to distribution after 
treatment by superchlorination has 
bacterial purity of 100%. In light 
of this experiment, it was decided 
that expenditure of large quantities 
of chlorine for prechlorination not 
justified when natural ammonia in 


bacteria in water. 


Bacto-Lactose Broth 
Bacto-Endo Agar 


CONDENSATION 
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(Continued on page 66) 


Detection of Coli in Water 


This group of Difco Dehydrated Culture Media is recommended 
for the detection and confirmation of the presence of coliform 
Each medium is prepared to conform to all 
requirements of “Standard Methods for the Examination of 
Water and Sewage’’ of the A. P. H. A. and A. W. W. A. 


Bacto-Levine E.M.B. Agar 
Bacto-Brilliant Green Bile 2% 
Bacto-Formate Ricinoleate Broth 
Bacto-Lauryl Tryptose Broth 


Specify “DIFCO” 


Dirco LABORATORIES 
DETROIT 1, MICHIGAN 


Vol. 41, No.5 


filtered water sufficiently low to enable 
use of superchlorination for termi- 
nal disinfection. Prechlorination has, 
therefore, been stopped at all Thames 
valley works. Administration of 
chlorine has been so rearranged that 
breakdown will be attended by less 
risk to purity of supply than would 
have occurred previously. Super- 
chlorination has resulted in more than 
bacteriological improvements in water 
quality: first, color reduction of 23° %; 
and second, complete cessation of 
complaints of chlorinous tastes. Eco- 
nomic aspects of changes recorded are 
commented upon. Large saving in 
capital costs is introduced by increased 
speed with which superchlorination 
destroys bacteria; reduction is per- 
mitted in size of contact tanks in 
Thames valley to one-half that pre- 
viously required. Indications are that 
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- FOUNDRY & PIPE CORP. 
BROADWAY —._N.Y.C. 


WARREN PIPE co. af MASS. 


75 FE DERAL ST., Boston, Mass. 


Solves ; 
pipe j ; 
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p! a 
goint supplied 
jo! oll sizes to specifi tions- Spec 
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majority of tastes can be removed 
by superchlorination, and provision of 
pretreatment basins for taste and color 
reduction does not appear justified. 
Future expenditure of several millions 
of pounds in construction of capital 
works and in operating costs would be 
required, without advantages pro- 
vided superchlorination. Full 
effect of new method upon consump- 
tion of chemicals for water treatment 
has been felt only since Jan. 1, 49, 
when all prechlorination in Thames 
valley stopped. Savings shown in 
following table of avg. weekly cost of 
chemicals at filtration works have, 
therefore, been calculated over rela- 
tively short period. They constitute 
a saving at rate of £17,888 per year. 
Recognized that consumption of chem- 
icals will vary, but annual saving of 
£10,000 considered to be conserva- 
tive estimate. 


ANTHRAFILT 


(Reg. U. S. Pat. Off.) 


As a Modern Filter Medium Has Outstanding 
Advantages Over Sand & Quartz Media 


1. Length of filter runs doubled 

2. Only about one half as much wash water required 

3. Less coating, eaking or balling with mud, lime, iron 
or manganese 


cy 

5. Better removal of bacteria, micro-organic matter, 
taste and odor 

6. Increased filter output with better quality effluent 

7. Not just the top portion, but the entire bed aids in 
filtering 

8. Can be used in all types of filters using a filter 


9. A perfect supporting media for synthetic resins 
10. An ideal filter media for industrial acid & alkaline 
solutions 
11. Decidedly advantageous for removal of fibrous 
material as found in swimming pool filters 
Additional information, recommendations 
and quotations furnished upon request by 


Palmer Filter Equipment Company 


822 East 8th Street, P.O. Box 1655 
Erie, Pennsylvania 


representing 
Anthracite Equipment Corporation 


Anthracite Institute Building, 
Wilkes-Barre, Pennsylvania 
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Avg. Weekly 


Cost—£ Weekly 
July—Dec. Jan. Saving, 
47 "49 £ 

Chlorine 363 221 142 
Sulfur dioxide 47 0 47 
Ammonia gas 121 O 121 
Ammonium sulfate 34 0 34 
Total 565 221 334 


Reviewer's comment: Development de- 
scribed in Mackenzie's report exem- 
plifies application of scientific princi- 
ples and procedures to solution of 
problem. Results, evaluated on basis 
of efficiency and economy, are of 
pertinent interest in connection with 
practice of free residual chlorination 
in U.S. and Canada, where point of 
application is generally ahead of 
filtration rather than following it. 
Implications of report may warrant 
study to determine those factors fa- 
voring prefiltration and postfiltration 
applications. As noted by Mac- 
kenzie, U.S. and Canada have made 
material contributions to development 
of superchlorination practices. These 
contributions, in part responsible for 
present development, represent only 
fair return to Metropolitan Water 
Board for pioneer work of Alexander 
Houston, their director of water 
examination who first proposed prac- 
tice of superchlorination.—H. A. 


Faber. 


The Case for Breakpoint Chlorination 
in Swimming Pools. T. A. KING. 
Surveyor (Gt. Br.), 107:243 (May 14, 
Free residual chlorination con- 
sists in application of chlorine suffi- 
cient to break down free ammonia, to 
oxidize all org. matter and to leave in 
pool at all times free residual chlorine 
available for immediate germicidal 
action. In general practice, de- 
struction of free ammonia not specific 
object and residual not necessarily 
uncombined chlorine. Distinction is 
of fundamental importance in break- 
point method. Chloramines have 


(Continued on page 68) 
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Total Capacity 
of De Laval Pumps 
in the City of Chicago...1,300,000,000 Gallons Daily 


In the year 1920, the City of Chicago in- 
stalled its first turbine-driven centrifugal 
pum p—a unit of 60 mgd capacity in the 
Central Park Station. The performance, 
trouble-free operation, economy and 
flexibility of this unit proved to be so 
satisfactory that additional De Laval 
turbine-driven pumps were installed 
in rapid succession. 

Today, the City of Chicago is i. 
served by a total of 16 De Laval iw 

turbine-driven pumps and 5 De 

Laval motor-driven pumps hav- 


ing a total capacity of one billion, 
D E LAVA three hundred million gallons 
daily. 


ww? Send for Catalog 10-JA 


DE LAVAL STEAM TURBINE CO., TRENTON 2, N. J. 


TURBINES « HELICAL GEARS « CENTRIFUGAL BLOWERS AND COMPRESSORS 
CENTRIFUGAL PUMPS *« WORM GEAR SPEED REDUCERS « IMO OIL PUMPS 
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considerably reduced power of oxida- 
tion. It was thought that by reduc- 
ing extent of oxidation residual would 
be available for germicidal action over 
longer period. However, destruction 
of bacteria more rapid by chlorine 
than by chloramines. Because in 
swimming pools crux is rapidity of 
action, residual should be free chlorine. 
Initial stages of breaking down am- 
monia and other org. matter may re- 
quire high rate of chlorine injection. 
If breakpoint has been passed, value 
of reading for chlorine will not be 
less than 85% of reading at full de- 
velopment, say after 5 min. By di- 
rect observation of numbers using 
pool and appearance of water, and 
by use of ortho-tolidine ‘‘flash”’ test, 
chlorinator can be readily controlled. 
There should be no difficulty in ap- 
plying breakpoint method. Other ad- 


vantages of method of treatment are 
that it maintains water in good condi- 
tion, reducing nitrogenous matter and 
elimg. algae. Objections to its use 
are that high quants. of chlorine 
affect bathers’ eyes. If pH _ kept 
above 7.5, no discomfort experienced 
by bathers from 2-3 ppm. of free 
chlorine, or even more, and_ there 
seems to be some mitigation of nui- 
sance from chlorinous odors. Ob- 
servations at 50,000-gal. indoor pool, 
with 2}-hr. turnover and temp. at 
75°F., show chlorine must be kept at 
1.75-2 ppm. at shallow end to main- 
tain 1 ppm. at deep end. Evidence is 
that objectionable conditions not ex- 
perienced by bathers with residuals in 
apparently alarming amts. Process 
offers effective means of maintaining 
satisfactory qual. of water at all 
times.—H. Babbitt. 
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Mapping out a 


Public Relations 
Campaign? 


Let Willing Water help you... he’s 
the master of all he surveys. Let him 
clear the brush of public ignorance 
of water works problems. Let him 
erect for you an edifice of public 
appreciation and co-operation on a 
foundation of good will. 

Willing Water is waiting to meet your customers and employees. Right 
now he has 32 different approaches to your problems in the form of 
low-cost blocked electrotypes or newspaper mats. And he’s only be- 
ginning his career. Write now for a catalog and price list to: 


AMERICAN WATER WORKS ASSOCIATION 
500 Fifth Avenue - New York 18, New York 
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For Treatment of , 
Industrial Wastes 


Throughout the process industries, scores 
of concerns have found General Chemical 
Aluminum Sulfate an effective, economi- 
cal means of solving their industrial 
waste treatment problems. 

Laundries, paper mills, dairies, textile 
mills, canning plants, oil wells and pack- 
ing houses across the nation report 
General Chemical “Alum” useful in puri- 
fying wastes; coagulating and settling 
suspended matter; reducing coloring 
matter, including many dyes. 


BASIC CREMICLES 


Kansas City 
Pittsburgh 


COR AIMERICLIS 


+ Chicago 
Los Angeles 
Portland (Ore.) 
St. Louis 
In Wisconsin: General Chemical Company, Inc., Milwaukee, Wis 


In Canada: The Nichols Ch 
Montreal * Toronto * Vancouver 


Fifty years of working with the water 
industry on chemical methods of clarify- 
ing water has given General Chemical ex- 
tensive experience in the treatment of 
sewage and waste waters. This broad 
knowledge may be of value to you as it 
has to so many others. 

Assistance of the company’s technical 
service specialists is available without 
obligation. For help on your industrial 
waste treatment problems, write or 
phone our nearest office today. 


GENERAL CHEMICAL DIVISION 
ALLIED CHEMICAL & DYE CORPORATION 
40 Rector Street, New York 6, N. Y. 


Offices: Albany Atlanta + Baltimore 
Buffalo Charlotte 


- Birmingham Boston Bridgeport 
Cleveland Denver Detroit Houston 
Minneapolis +« New York Philadelphia 
Providence San Francisco «+ Seattle 

+ Wenatchee and Yakima (Wash.) 


ical C y, Limited 
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Effectiveness of Water Chlorination 
at Low Temperatures. EF. D. PETrRY- 
AEV & N. T. TAYURSKAYA. Gigiena 
i Sanit. (U.S.S.R.), 10:9:52 (’45). 
Chlorination carried out at 18°, 20°, 
1° and 2°C. with equally good results. 
Contact between active Cl and water 
did not have to be lengthened at 
temps. close to 0° and disinfecting 
power of CaOCl, remained same 
within range 1°-20°. Usual dose of 
chlorinated lime, sufficient to give 
0.2-0.4 mg. residual Cl per |. applied 
to drinking water contamd. with 
Esch. coli (200,000 per ml.). Con- 
cordant results obtained after differ- 
ent intervals of time; at 1°-2° bact. 
count dropped to 19, 8, 12, and 3 
bacteria per ml. after 0.5, 1, 3 and 6 
hr., respectively. Slight rise after 3 
hr. probably due to reduced residual 
Cl concn.—P.H1.E.A. 


Superchlorination of Snow Water. 
G. K. SERGEEV. Gigiena i Sanit. 
(U.S.S.R.), 12:10:25 ('47). Treat- 
ment of snow water by chlorinated 
lime (50 ppm.), followed by charcoal 
filtration or hyposulfite treatment, 
serves to purify this common winter 
water supply only if duration of 
chlorination sufficient: 3 hr. at 0—-3°; 
45 min. at 4—6°, 20 min. at 7°C. or 
above.— C.A. 


Secondary Appearance of Escherichia 
coli in Chlorinated Water. K. K. 
BoGOLyuBOoV. Gigiena i Sanit. 
(U.S.S.R.), 12:10:33 ('47). at- 
tempts to explain occasional appear- 
ance of Esch. coli in city water supply 
under conditions which elim. second- 
ary poln. of treated water, most 
probable explanation is revival of no. 
of bacteria not killed outright by 
chlorination. No. of such survivors 
low, 0.1-1.0°% of initial, and usually 
they do not constitute health problem 
because of considerably reduced vital- 
ity; however, their complete elimn. 
necessary for reliable water qual. con- 
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trol. Results of studies leading to 
this end inconclusive, but they indi- 
cate need for slow, gradual chlorina- 
tion; with warm water supply, am- 
monization also necessity. Principle 
of rapid superchlorination unsatis- 
factory from standpoint of ‘‘survivor”’ 
bacteria.— C.A. 


“Microspur,” a New Means of Ster- 
ilizing Drinking Water. RaimuNpD 
Hey. Zentr. Bakt. Parasitenk. Abt. 
I Ref. (Ger.), 152:327 (’48). ‘‘Micro- 
spur” complex mixt. of Ag. salts 
(compn. not given) whose oligody- 
namic action more rapid than any Ag 
prepn. hitherto used, especially if 
something which will keep reaction 
acid employed as activator. Compn. 
of this ‘“‘microspur agent”’ not given. 
Ordinary tap water will be sterilized 
in 6 hr., but if turbid 34 may be re- 
quired. If combination of ‘“micro- 
spur’ and activator used clear water 
will be sterilized in 1 hr. Turbid 
waters should first be pptd. and 
filtered. Waters treated with ‘‘micro- 
spur” and kept several weeks show 
sufficient residual sterilizing effect to 
kill added bacteria within 24 hr. 
Microspur valuable supplement to 
other methods of water treatment, 
particularly because of its persistent 
effects.— C.A. 


BRITISH LEGISLATION 


The Water Act, 1948. ANon. Wer. 
& Wtr. Eng. (Gt. Br.), 51:226 (May 
Act concerned with amend- 
ments and additions to Act of ’°45. 
Provisions do not extend to Scotland 
or Northern Ireland. Sec. 1 amends 
definition of ‘‘statutory water under- 
takers” to include those authorized to 
supply water but not actually doing 
so. Sec. 2 enables number of powers 
granted to water plant operators to 
be combined on one order. Sec. 3 
shortens procedure for obtaining 
powers by order. Sec. 4 deals with 
supply of water in bulk, to remove 
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CORPORATION 
HAYS and 
CURB STOPS 


For Trouble-"free Water Sewice 


AYS corporation and curb stops are easy to 


install and are interchangeable with the 
oF 
~ products of any other manufacturers. They are 
good for many long years of trouble-free service. 
, They are made of the best 85-5-5-5 bronze and 
Hays Coupling for copper to 
male iron pipe connection. plugs are precision ground for perfect fit. They 


CATALOG No. 5605 


are hydrostatically tested at 200 pounds or more 
and specially lubricated for permanent easy turn- 
ing. HAYS corporation stops can be installed 
with any standard tapping machine equipment. 


The HAYS reputation for quality is the heritage 
of 80 years’ insistence on honest craftsmanship 


i ing. Hays Manuf i 
CATALOG No. 5040 and fair dealing. The Hays Manufacturing Company 


Hays Curb Stop for copper inlet 
to female iron pipe outlet. synonym for the best everywhere. Write for the 


new HAYS catalog of water works products for 
every purpose. 


is one of the largest in the field and its name is a 


CATALOG No. 5016 CATALOG No. 5200 


Hays Curb Stop with lockwing for iron Hays Corporation Stop with inlet 
pipe A.W.W.A. standard thread. A. W.W. A. standard thread. 


COPPER BRASS LEAD IRON” 


WATER WORKS PRODUCTS 
HAYS MANUFACTURING CO., ERIE, PA. 
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(Continued from page 70) 


any doubt that operators could take 
water in bulk, or whether minister 
had powers to authorize bulk supply. 
Sec. 5, Subsec. 1 and 2, provides that 
experimental borings to ascertain 
presence of underground water may 
be carried out in areas covered by 
water conservation orders; subsec. 3 
extends restrictions on new wells and 
boreholes. Sec. 6 adds new power of 
entry at all reasonable hours to ascer- 
tain whether restrictions on use of 
hosepipe are being complied with. 
Sec. 7 makes slight alterations in 
powers of minister to demand copies 
of accounts of water companies. 
Sec. 8 enables water authorities to 
enter on and survey any land they 
may propose to acquire, and to carry 
out experimental borings or other 
works. Sec. 9 enables statutory oper- 
ators to pay subscriptions to any 
association of water operators. Sec. 


10 amends definition of ‘‘communicat- 
ing pipe’ by enlarging definition of 
‘street’? to include either be- 
tween main and street, up to max. of 
60’ from center of street, or land be- 
tween main and premises. Sec. 11, 
Subsec. 1, allows easements to be 
purchased in place of compulsory 
acquisition of land; Subsec. 2 allows 
water authorities to refuse to com- 
mence new supply of water where 
water fittings not in accordance with 
bylaws; Subsec. 3 provides that repair 
costs shall be apportioned between 
owners of premises served by common 
supply pipes; Subsec. 4 defines people 
to be held responsible for waste of 
water by nonrepair of fittings. Sec. 
12 places authorities supplying water 
under Public Health Act of '36 on 
same footing as those under '45 water 
act. Sec. 13 gives development cor- 
porations of New Towns Act same 


(Continued on page 74) 


IN GENERAL SERVICE PUMPING 


” mean ECONOMY double suction pumps! 


. Shaft sleeves are pooh to prevent leakage 
between sleeve and shaft. 

2. Unusually effective water flinger. 

3. No threads in center of shaft to start fa- 
tigue failure. 

4. Wearing rings flanged; semi-labyrinth type. 

5. Ball bearings secured to shaft according to 
best practice, assuring maxi- 
mum lif 
6. Ball ove are protected by cartridge en- 
closures so that complete rotor may be 
removed without exposing bearings to dirt 
or dampness. 

7. Effective cross lubrication. 


APPLICATIONS 
General water supply e Brine or hot water 
circulation e City water booster service e Hot 
well, condensate or makeup water service « 
White water or overflow service in paper mills. 


For full details, write Dept. 
AG-5 for your copy of 
Catalog No. A1147. 


HAMILTON, OHIO. 
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Why pay extra money for excess 
weight and material in water supply 
and force mains? By specifying 
ARMCO Steel Pipe you can get top 
efficiency and also save money. 

ARMCO Pipe diameters range from 
6 to 36 inches; wall thicknesses from 
9/64 to 1/2-inch. From that wide 
range you can match job require- 
ments with the right wall thickness in 
any diameter. You may even be able 
to select a smaller diameter than you 
expected because ARMCO Steel Pipe 
has a smooth, spun-enamel lining that 
provides utmost hydraulic efficiency. 
It prevents tuberculation, assures con- 
tinued high flow capacity and stops 
costly cleaning. 

ARMCO Welded Stee! Pipe has a 
high strength-to-weight ratio that 
withstands internal or external pres- 
sures. It flexes with the load to guard 
against explosive bursting due to 


WELDED STEEL 
PIPE 


MEETS A.W. W.A. 
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vibration or sudden overload. Leak- 
age is no problem because standard 
couplings or field welding provide 
tight joints. Special prefabricated 
fittings save time and money. A wide 
variety of protective coatings meet 
specific service conditions. 

Specify ARMcCO Welded Steel Pipe 
for your next water supply line with 
full assurance of long economical 
life. Write us for complete infor- 
mation. Armco Drainage & Metal 
Products, Inc., 185 Curtis Street, 
Middletown, Ohio. 


SPECIFICATIONS 
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powers to acquire land as local authori- 
ties and statutory water operators 
have, except that special and tem- 
porary powers have been excluded. 
Sec. 14, Subsec. 1, gives minister 
powers to require information; Sub- 
sec. 2 allows minister, when repealing 
or amending local acts, to effect con- 
solidations also; Subsec. 3 allows 
minister to vary amount of compensa- 
tion water; Subsec 4 provides that 
where new mains are laid under agree- 
ment, cost of new service reservoir 
may be taken into account. Re- 
mainder of this section and Sec. 15 
deal with right of appeal, interpreta- 
tion, definitions and necessity of con- 
struing '48 act as one with °45 act.— 
E. Babbitt. 


Rating [Taxing] of Water Works and 
Local Government Act, 1948. C. D. 
SuotT. Wtr. & Wtr. Eng. (Gt. Br.), 
51:321 (July °48). Water is both 
public utility and health service but 
so far has not been nationalized. 
Water undertakings will continue to 
be taxed and included in valuation 
lists in future as in past. Method of 
ascertaining and apportioning net 
annual value (N.A.V.) still rests on 
Kingston case of 26, and is known as 
profits or accounts method (calculation 
to ascertain what rent hypothetical 
tenant could afford to pay for under- 
taking). Starting point gross water 
revenue; first deduction from gross 
receipts is for working expenses, in- 
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cluding: protection, storage, treat- 
ment, insurance and legal expenses. 
Next come statutable deductions for 
“repairs . . . and other expenses nec- 
essary to maintain hereditament in 
state to command that rent.” Re- 
newal fund built up by hypothetical 
tenant for ultimate replacement cost. 
Profitable life of buildings, machines 
and so on has to be decided upon. 
Another debatable point is percentage 
on which renewal fund is to be cal- 
culated; formerly 3.5°¢, now 2-2.5%. 
Next deduction from gross receipts is 
tenant’s share, which varies with size 
of undertaking but averages about 
10° of gross receipts. Deductions 
from gross receipts result in figure 
which represents N.A.V. of under- 
taking plus taxes pavable thereon. 
Important to appreciate difference 
between directly and indirectly pro- 
ductive portions of undertaking. 
Mains smaller than 6” treated as 
directly productive, while all other 
mains and other parts of undertaking 
indirectly productive. Part of in- 
directly productive portion will con- 
sist of land covered with water, e.g., 
filter bed. These parts given special 
tax relief, consisting of reduction 
from N.A.V. as high as 30° or more. 
Apportionment of directly productive 
part on basis of parochial gross re- 
ceipts. From N.A.V. plus taxes of 
entire undertaking, is deducted 
N.A.V. plus taxes of indirectly pro- 
ductive portion. This leaves N.A.V. 


Filter Sand and Gravel 


WELL WASHED AND CAREFULLY 
GRADED TO ANY SPECIFICATION. 
PROMPT SHIPMENT IN BULK 
OR IN BAGS OF 100 LB. EACH. 


Inquiries Solicited. 


Northern Gravel Co. 
P. O. Box 307, Muscatine, lowa 


Survival and Retirement 
Experience With Water Works 
Facilities 
Containing vital information on the actual 
life of mains, valves, meters, services and 
other facilities in 26 cities, together with 56 
pages of summary tables that condense the 

data for easier interpretation. 


576 pages $3.00 
American Water Works Association 
500 Fifth Avenue New York 18, N. Y. 
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ONDITION WATER... 
LESS TIME 
CHEMICALS 


Permutit’s Precipitator not only 
Saves time and chemicals, but also 
requires 50% less space than any 
previous design of reaction and 
settling tank. It efficiently removes 
these impurities from water: tur- 
bidity, silica, hardness, taste, color, 
odor, alkalinity and fluorides. 

Operation is based upon the 
Permutit Sludge Blanket Principle 
of upward filtration. This means an 
absence of settling and the com- 


JOURNAL A.W.W.A. 


plete utilization of the suspended 
sludge. 

For complete details on the many 
other advantages of the Permutit 
Precipitator, write to The Permutit 
Company, Dept. JA-5, 330 West 
42nd Street, New York 18, N. Y, 
or the Permutit Company of Can- 
ada, Ltd., Montreal. 
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FOR 35 YEARS WATER CONDITIONING HEADQUARTERS 
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plus taxes of directly productive 
portion, expressed as percentage of 
total water revenue. This percent- 
age then applied to gross receipts in 
each tax area. Result is N.A.V. 
plus taxes, and all that remains is to 
deduct taxes at appropriate poundage 
for particular area. Local Govern- 
ment Act, ’48, puts end to such cal- 
culations in respect to railway, canal 
and electricity enterprises which will 
make annual payment for benefit of 
local authorities. Liabilities of these 
nationalized industries to make pay- 
ments for benefit of local authorities 
have been fixed, no matter whether 
run at profit or loss.—/7. E. Babbitt. 


Implications of Fire Services Act, 
1947. Anon. Wtr. & Wtr. Eng. 
(Gt. Br.), 51:178 (Apr. °48). Ad- 
vantages of standardization of pro- 
cedure by county councils obvious. 
Many water authorities supply water 
to several counties and should also 
standardize procedure and apparatus. 
Fire authority will endeavor to obtain 
standard procedure for notification of 
works affecting water supply and fire 
hydrants. Machinery for placing 
orders for new hydrants and repairs 
will doubtless be standardized to fit 
in with county’s system of account- 
ancy. Fire authorities have no power 
to enforce installation of particular 
tvpe of hydrant, water authority still 
has choice. Valve spindle square, 
hose connector, and flow under cer- 
tain head conditions are most impor- 
tant factors and secretary of state is 
more likely to require uniformity in 
these than in type of hydrant. Fire 
authority may request standard form, 
size and construction of hydrant pit 
but has no statutory authority to 
require any particular type of pit. 
Standardized routine for inspecting 
and testing fire hydrants may be 
desired by fire authority. Some water 
authorities make charge for this 
service, and possibility of standard- 
ized charge arises.—H]. FE. Babbitt. 
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OTHER ARTICLES NOTED 


Recent articles of interest, appearing in 
American periodicals not abstracted, are 
listed below. 


Industrial Consumption Effects on 
“Accounted-for H. T. Rup- 
GAL. Wtr. & Sew. Whks., 96:3:97 
(Mar. '49). 


Multiple-Purpose Reservoirs—A Sym- 
posium. Proc. A.S.C.E., 75:3:287 
(Mar. '49). 


The Water Supply Tunnels of the 
Boston Metropolitan District. KARL 
R. KENNISON. J. Boston Soc. Civ. 
Engrs., 36:1:44 (Jan. ’49). 


How to Design River-Intake Pump- 
houses. S.B.RoBERTs. Eng. News- 
Rec., 142:9:52 (Mar. 3, ’49). 


Remote Control Gives Sugar Com- 
pany Uninterrupted Water Supply. 
W. A. KELLER. Taste & Odor Con- 
trol J., 15:3:1 (Mar. ’49). 


Ion Exchange in Water Treatment. 
H. B. Gustarson. Ind. Eng. Chem., 
41:3:464 (Mar. ’49). 


Sterilization of Cation Exchange 
Resins. G. A. CRUICKSHANK & D. G. 
BRAITHWAITE. Ind. Eng. Chem., 41: 
3:472 (Mar. 


A New Method for Cleaning Settling 
Tanks. Frep V. H. Prrer. Am. 
City, 64:2:102 (Feb. ’49). 


Tapping and Meter-Setting Practices 
in Indianapolis. H. W. NIEMEYER. 
W.W. Eng., 102:3:208 (Mar. '49). 


Safe Disposal of Radioactive Wastes 
Demands Special Training for Sani- 
tary Engineers. ARTHUR E. Gor- 
MAN. Civ. Eng., 19:3:29 (Mar. '49). 


Corrosion Control by the Use of Lime. 
Epwarp S. Hopkins. Wtr. & Sew. 
Wks., 96:3:94 (Mar. '49). 
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cutting-in valves and sleeves 
Set installation records =| 


%* The National Board of Fire Underwriters recommend spacing valves E D D Y 


every 500 to 800 feet on underground water distribution lines. Eddy cutting-in VALVE COMPANY 
valves and sleeves with their mechanical joints save time... make the job A Subsidiary of 

easy and simple to perform on existing pipe lines. No caulking experts and 
no lead-melting equipment are needed. #& After excavation and following 

removal of a section from the water main or hydrant stub, two men and a 

ratchet wrench can complete the job in twenty-one minutes—with all joints 

“bottle tight” under pressure. Work can be done in any kind of weather... ina 

flooded trench .. . fast and sure should emergency require. #& Stock up now with 

Eddy cutting-in valves and sleeves and be ready for speedy, on the spot installations as 

circumstances may permit. Valves meet AWWA specifications . . . are available in 

sizes 3 to 12 inches... for use on both sand cast and centrifugally cast iron water pipe. 
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(Continued from page 22) 

Smellbound, we seem these days destined, or at least impelled, to 
devote our major energies to the omnivorous observation of olfactory 
phenomena. Thus our every effort to deodorize these columns has been 
in vain, and we persist in permeating page upon page with the reek of our 
odious obsession. 

This month, for instance, we have paid more than ordinary heed to the 
predicament of stage and screen star Ruth Chatterton, who was virtually 
evicted from her Park Avenue penthouse in New York’s Ritz Tower be- 
cause the plebeian aroma of her cuisine offended the delicate snouts of her 
hoity-toity neighbors. Kitchenette to the contrary apparently notwithstand- 
ing, Miss Chatterton was called to court to argue against an injunction that 
would have curbed her culinary bent. That she was above giving a legal 
tweak to any of the upturned noses who opposed her, preferring to ply 
her pots and pans in some less stuffy atmosphere, is, of course, all to her 
credit, but we are inclined to regret the lost opportunity to get the legal slant 
on scent and unhappy, too, to know that the Ritz will no longer smell like 
home. 

This was the month, too, when we learned that we would find the new 
hydrogen isotope, tritium—byproduct of atomic research—a useful plaything 
in tracing the most subtle odors. This was the month when McGraw-Hill 
Book Co. brought out Odors—Physiology and Control, a 405-page bible of 
“odor perception, measurement, classification and regulation, with empha- 
sis on practical methods of eliminating odors from factories, homes, public 
buildings and [unfortunately only] individual persons.” This was the 
month when we got our first sniff of atomizer-applied “Good-aire,” a new 
“aer-a-sol space deodorant,”’ which promises to lick not all, but all offensive, 
odors in space but without time. This was the month when we learned 
that smell can sell in direct mail promotional pieces by the use of aromatic 
inks or impregnated papers, using essences which suggest the product 
offered. This, then, was indeed a month of months, if not a month to end 
all months, in smelldom, and, having brought you up to snuff, we shall prom- 
ise not to raise a stink again until we can announce the discovery of a 
deodorant which will at last deodorize deodorants. 


Not only the sense [or nonsense] of smell, but that of sight as 
well enters into the consideration of water works practitioners on occasion. 
Ignoring completely, if reluctantly, the implicit pertinence of such terms as 
“water colors” and “red water,” we still find more than a tinge of relevancy 
in the direct effect of the quality of water on the complex industrial processes 
in which it often takes part. Exemplifying such a close relationship are 
(Continued on page 80) 


MAY 30 TO JUNE 3 AT STEVENS HOTEL, CHICAGO 
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SPARLING MAIN-LINE METERS 


Consistent 
Accuracy over 
3 to 1OO% Flows 


Accurate 


records of miain- 
effi- 
The Sparling 


line flows ‘are vital to 


cient operation. 


Indicator - Totalizer - Recorder 


shown here, operated by elec- 


tric remote control from a 


Sparling Compound Meter, is 


accurate within 2 per cent on 
flows from 3% to 100% of 
pipe capacity! Head loss is 


practically negligible. 


For range of styles and sizes of water meters, instruments 


and controls, see Bullletin 310—sent at your request! 


Measuainé Equipment 


LOS ANGELES 54. .Box 3277 Terminal Annex 622 Broadway..........- .CINCINNATI 2 
CHICAGO 8........ 1500 South Western Ave. 6 Gest... BOSTON 8 
1932 First Avenue 509 North Ervay Street... .....-.. DALLAS 1 


NEW YORK 17.......-. 101 Park Avenue 
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(Continued from page 78) 


the trade secrets involved in the production of such peerless antiquities as 
Stiegel glass and Gobelin tapestry. In Stiegel glass it was the manganic 
pollution of the process water which contributed the characteristic hue ; 
in Gobelin tapestry it was the wastes from an upstream abattoir which 
fixed the quality of the dye water and enabled chemists to achieve a re- 
markable color brilliance. Whether or not Stiegel ever knew his own 
secret is questionable, but French government authorities somewhat franti- 
cally discovered theirs when the slaughterhouse shut down. 

How much value water may contribute to other products unique in 
hue is a matter for speculation, but when the normal naked eye can differ- 
entiate as many as 27,000 colors and the trained eye of a textile colorist can 
distinguish some 100,000, we must certainly credit ourselves with an 
assist if we can maintain a quality constant enough to be useful as a dye 
base. As a matter of fact, the very hint that tint has a definite bearing on 
most of-our own activities as well as on those of our fellow fauna invites in- 
vestigation. Why, we wonder, does the bull see red and the bee not?) How 
can a joke be both colorful and off-color? And more pertinently perhaps, 
what goes on downstream from the dye works? 


A symposium on recent research in water, sewage and industrial 
wastes will be held in the auditorium of the Department of Commerce, 14th 
St. & Constitution Ave., Washington, D.C., on June 23 and 24. Papers will 
be presented by a number of outstanding research workers, and those inter- 
ested are invited to attend. Further information may be obtained from 
Henry L. Roahrig, executive secretary of the sponsoring organization, the 
Sanitation Study Section, Div. of Research Grants and Fellowships, Na- 
tional Inst. of Health, Bethesda 14, Md. 


Rubber packing gaskets used instead of jute for pipe jointing are 
now being produced by Northrop & Co. in sizes for pipe up to 36 in. 
Formerly the Bond-O line covered only the 4- to 14-in. range of pipe. Gas- 
kets for pipe larger than 36-in. diameter can be manufactured to order. 


W. H. H. Putnam has been appointed vice-president and general 
manager of the Birmingham, Ala., Water Works Co. A graduate of 
Alabama Polytechnic Inst. in 1927, he has been with the company for 20 
years, and now becomes the youngest man to have held his present position. 


A new cup disc and piston seat inner valve for their “500” series 
of regulating valves has been developed by Klipfel Mfg. Co., Div. of Hamil- 
ton-Thomas Corp., Hamilton, Ohio. The valve is said to provide a bal- 
anced yet tight closing. 


(Continued on page 82) 
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Mechanical Joint 


VALVES AND 


HYDRANTS 


A.W.W.A. type M&H Valves and 
Hydrants are offered with 
standardized mechanical-joint as 
adopted by the Cast Iron Pipe In- 
dustry. Our mechanical joint valves 
and hydrants may be used with 
mechanical joint Cast Iron 


now 


JOURNAL A.W.W.A. 


ardized mechanical-joint has a stuff- 
ing box into which a gasket is com- 
pressed by a Cast Iron gland and 
bolts. It permits deflection and is 
a highly successful pipe joint for 
water mains, gas mains, sewage 

treatment plants, water fil- 


Pipe without any necessity 
of special fittings to make 
installations. This  stand- 


tration plants and practi- 
eally all kinds of industrial 
piping. 


In standardized me- 
chanical 
bolted gland com- 
presses the gasket 
in triangular 
stuffing box. 


Of course, we con- 
tinue to make M&H 
Valves and Hy- 
drants bell- 
and-spigot, flanged 
or screwed joints. 


joint, a 


with 


Illustration of how Mechanical-Joint 
Gate Valve is installed. 


M & H PRODUCTS INCLUDE: 


CHECK VALVES 
FLOOR STANDS 
EXTENSION STEMS 
SHEAR GATES 
MUD VALVES 
VALVE BOXES 


FIRE HYDRANTS 
GATE VALVES 
TAPPING VALVES 
WALL CASTINGS 
SPECIAL CASTINGS 
TAPPING SLEEVES 


FLAP SHOES 


FLANGE AND 
FLARE FITTINGS 


B & S FITTINGS 
CUTTING-IN TEES 


M &H VALVE 


AND FITTINGS COMPANY 
ANNISTON, ALABAMA 


For Water Works 
Materials Write for 
Catalog 34 


For Fire Protection 
Materials Write for 
Catalog 40 
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(Continued from page 80) 


Hard to misinterpret were the opinions expressed by Clay Center, 
Kan., citizens in their April municipal elections, when they voted 1,026 to 
677 in favor of local sale of hard liquor and 1,468 to 254 against building a 
water softening plant. We'll have a Rock and Rye! 


Galvanic protection assumes a new form with the Cor-In Cor- 
rosion Inhibitor Zinc Rods, which, fitted with standard pipe-plug ends, 
screw easily into heat exchangers, pipings and other equipment. The rods 
come in diameters from *¢ to 1 in., with lengths up to 12 in. When the 
zine rod is exhausted it can be unscrewed and a refill attached to the 
threaded plug. Further information from Rotometals, Inc., 980 Harrison 
St., San Francisco 7. 


Robert K. Horton has been appointed a sanitary engineer on the 
staff of the Ohio River Valley Water Sanitation Commission. A graduate 
of the Univ. of North Carolina in 1938, Horton has had six years of experi- 
ence in sanitation programs in South and Central America and has done 
research on stream pollution and industrial waste treatment. 


(Continued on page 84) 


3 Money, Time and Labor 
Saving Features of 


UNIVERSAL’ 


CAST IRON PIPE 


LAID WITH ONLY WRENCHES 


ELLIS PIPE 
CUTTER 


is BEST 


FOR CUTTING LARGE SIZES 
OF PIPE 


No. 01 Cuts Pipe 4” to 8” 
No. 1 Cuts Pipe 4” to 12” 


NO CAULKING MATERIALS 


For water supply, fire protection systems, 
sewage disposal systems, industrial, and irri- 
gation. Flexible. 


E CENTRAL FOUNDRY COMPANY 
386 FOURTH AVENUE, NEW YORK 16,N. Y. 


Gentlemen: Send us infermation and catalog 
on UNIVERSAL CAST IRON PIPE. 


NAME. 


STREET ELLIS & FORD MFG. CO. 


CITY. FERNDALE 20, MICH. 


IMMEDIATE DELIVERY NOW 

ON ELLIS PIPE CUTTERS 

Write for circular and price 
list 
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New 40 m.g.d. Filter Plant at the City of Savannah, Georgia. 
Consulting Engineers :—J. E. Sirrine Company 
General Contractors: —Virginia Engineering Company 
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Roberts Operating Tables 


Compact Pipe Gallery 
Made Possible by Roberts Waste Valves 


MECHANICAL EQuipMENT 


By } 
Roserrs FILTER Mr6. Co. | 
ARDY, PENNA. 


ROBERTS FILTER 
iew of Operating Floor MANUFACTURING CO. 


638 COLUMBIA AVENUE + DARBY, PENNA. 


LTER 
4 
— 
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Upper and Lower Pipe Gallery 
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(Continued from page 82) 


Weather hasn’t worn us out yet—cither naturally or synthetically 
—but in some sectors there appears evidence of attrition. Out at Fort 
Scott, Kan., for instance, weather observer Frank Hewitt quit his job with 
the plaint that this winter had brought too much ice, cold and snow for 
any conscientious weather man to cope with. And Sunday supplement 
meteorologists appeared relieved to be able to turn to billion-year surveys 
proving that milder climates were gaining a foothold all over the world in 
preference to day-to-day divinations. Finally, the Niagara Pioneer in a 
feature article entitled “Man-Made Rain (Conclusion)” joined the Air 
Force and a host of other scientific sages in writing off cloud-seeding as 
latter-day witchwork. 

On the other hand, Sewage Works Engineering ignored official disil- 
lusionment in gleefully reporting the infallibility of aerial cowpuncher 
Charlie Barnes, who recently herded three storms into Big Bear Lake, 
Calif. And Engineering News-Record continues to ride the fence with us, 
reporting such items as the Vale Law Journal proposed legislation to pre- 
vent irresponsible rainmaking by limiting weather modification activities to 
federal government agencies or their contractors. Meanwhile, we watch 
with impatient interest the progress of the continuing experiments of Gen- 
eral Electric Drs. Irving Langmuir and Vincent Schaefer in their “Project 
Cirrus.” Certain that weather itself is going to stick with us for a while 
yet, we are certain too that scientists aren't going to be content with a hands- 


off policy. Thus we're awaiting now the development of a cloudless dry 
rain that will inconvenience no one. 


Rossiter Scott, who retired some time ago from his position with 
Dresser Mig. Div., recently suffered a heart attack, which has left him par- 
tially paralyzed. He is now in the Fort Howard Hospital, Baltimore, and 
is expected to remain there for some time. His place at Dresser has been 
taken by Arthur Hicks. 


THE NEW 
LaMOTTE WATER SOLUBLE pH INDICATORS 
(Sulfon-phthalein{Series )JpH 0.2-9.6 


These products were originally developed in the r 
LaMotte laboratories and are of the same superior 
ty as the acid form indicators hitherto available 


pH work. 
They have the distinct advantage of being instantly i : - } 
soluble in distilled water, hence are easy to convert to ' . a -_ } 
solution form. Use of alkali, as required in the older : ao | Sa 
technic, is eliminated, and no heating is necessary. & = id 

The clean quick way to p epare indicator solutions a are 
for accurate pH work. 

Write for illustrated literature 
LaMOTTE CHEMICAL PRODUCTS COMPANY 

Dept. AWA Towson 4, Maryland 
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Centrifugally spun reinforced concrete pressure pipe with double rubber gasket 
joints—for moderate operating heads ranging up to 150’. 


Left, Installing rubber gasket in groove on spigot end of pipe. Right, Joint sections ready to slip into place— 
as a cork fits in a bottle. 


in pipeline construction costs to reduce cost of delivered water 


These savings are important to everyone concerned with 
main water supply line design, construction and operation: 


1. To Design Engineers who want a watertight closure simple in design, rugged in 
construction, flexible and positive in service. Straight steel joint sleeves permit 
some pulling of joints to allow for minor changes in alignment or grade, while angle 
sleeves may be used to provide for larger deflections. This unique joint is also 
adaptable for connecting to fabricated elbows, reducers and other fittings. 


2. To Contractors who desire ease and speed of installation. Steel joint sleeve is 
fitted in the plant to one end of each section of pipe—in effect a bell and spigot 
rubber gasket joint. 12 ft. sections facilitate laying. There’s no need to dig bell- 
holes, no circumferential welding, no laborious and costly caulking. Immediate 
back-filling is reeommended—an important cost-saving factor in itself. f 


3. To Owners, Water Users and Taxpayers who desire maximum economies in cost | 
of delivered water. Low first costs, plus the proven advantages of performance, 
sustained carrying capacity and freedom from maintenance expense assure sub- 
stantial savings. 


This type of centrifugally spun reinforced concrete pressure pipe is helping to make 
substantial savings in construction costs on Unit 5, Coachella Valley Distribution Sys- 
tem, a U.S. Bureau of Reclamation project. Information and specifications regarding 
this class of pipe are available on request. 


f) PIPE AND CONSTRUCTION co. ) 


Concrete Pipe for Main Water Supply Lines, Storm & Sanitary Sewers, Subaqueous Pipe Lines 
P. O. Box 3428, Terminal Annex, Los Angeles 54, California 

Main Offices and Plant—4635 Firestone Blvd., South Gate, Calif. 

District Offices and Plants—Oakland, San Diego, Portland, Oregon 
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IT’S A FACT! 


And there’s nothing but 
facts in ‘“‘A Survey of Oper- 
ating Data for Water Works 
in 1945." This 96-page 
A.W.W.A. report, reprinted 
from the February 1948 is- 
sue of the Journal, is just 
bursting with facts, figures 
and essential information on 
462 water utilities serving 
communities with popula- 
tions over 10,000. 


From Aberdeen, Wash., 
to Ypsilanti, Mich., such de- 
tails as the book value of the 
system, the total revenue, 
the operating and mainte- 
nance costs—all in dollars 
and in dollars per capita; 
the miles of mains in the 
distribution system; propor- 
tion of income paid as taxes; 
rates charged—all these and 
many others are carefully 
listed and tabulated. It’s a 
proofreader’s nightmare; su- 
perintendent’s dream. 


96 pages 50 cents 


American Water 
Works Association 
500 Fifth Avenue York 18, WN. Y. 


Storage” is the title of a 71-page 
| book written by Willem Rudolfs and 
distributed by the National Lime 
Assn., 927 Fifteenth St., N.W., Wash- 
ington 5, D.C. Intended to aid the 
user and engineer in selecting the 
proper type of lime for his particular 
requirements, and to indicate the best 
methods for handling and feeding it, 
the book includes a compilation of data 
on the principal types of feeders, 
slakers, hoppers and _ solution pots, 
with a summary of the characteristic 
| advantages and disadvantages of each. 
Some related information on other 
water treatment chemicals is also 
given. Single complimentary copies 
are available from NLA at the address 
given above ; additional copies cost 50¢ 
each plus postage. 


| 

| “Lime Handling, Application and 


Altitude measurements for pipe- 
line profiles, watershed and dam sur- 
veys and other mapping uses are 
quickly and accurately made with 
| W&T Sensitive Altimeters, now pro- 
vided in a shockproof metal case inside 
the leather carrying kit. A descrip- 
tion and specifications are contained in 
Publication No. TP-24-A, from Wal- 
lace & Tiernan Products, Inc., Belle- 
ville 9, N.J. 


“Industria! Waste Disposal” is the 
title of Industry Data Bul. 138, pub- 
lished by the Bristol Co., Waterbury 
91, Conn. It describes the application 
of automatic pH recording and con- 
trolling instruments and_ recording 
flowmeters to industrial waste disposal 
| operations. 


(Continued on page 88) 
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Here is a Valve that will give you com- 
PLETE service on water mains, turbine 
pump discharge, bowls of booster 
pumps, air tanks, sand traps — in fact, 
wherever you require COMPLETE 
CONTROL of air inlet, discharge, or 
of air and water levels. 

It has the simplicity and reliability 
you will find in all Rensselaer products. 
It will not blow shut under high velo- 
city air discharge. It closes positively 
under low water head. It has full clear 


LEADERSHIP FOR 
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VENTING 
Permits escape of large quantities of air, 
as pipe line is being filled with water. 


AIR INLET 
Permits air to enter pipe gy line iy being 


drained. 


PRESSURE AIR RELEASE 


Allows accumulated air under pressure 
to escape from high points of pipe lines. 


) YOU GET ALL 3 SERVICES 
FROM THE 


* 
AIR and VACUUM and AIR 
RELEASE VALVE 


passage for air, reducing friction to 
minimum, All internal working parts 
are solid bronze. Special air release 
rubber valve has long life, is tight- 
seating. Complete details on request. 

Do you want to know more about 
this triple-service Valve, or any of the 
many other Rensselaer products? Send 
for our Representative. There 
is one near you, ready to serve 
without. obligation on your 
part. Call him today. 


OVER 65 YEARS 


Gote Valves © Square Bottom Valves © Topping Valves ond Sleeves 
Hydrants @ Check Valves ® Air Release Valves 


RENSSELAER VALVE COMPANY ° TROY, N. Y. 


Division of Neptune Meter Company 
Atlanta, Bala-Cynwyd, Pa., Chicago, Denver, Haverhill, Mass., Hornell, N. Y., Kansas 


City, Les Angeles, Memphis, Oklahoma City, Pittsburgh, San Francisco, Seattle, Waco 
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The Old Way 


j 
j 


The New Way 


to locate pipe 


with the 


M-SCOPE 


... the instrument that takes every bit of guess 
work out of locating buried pipe, valves, boxes, 
service stubs, ete. Write for bulletin No. 6. 


JOSEPH G. POLLARD CO., Ine. 
PIPE LINE EQUIPMENT 


New Hyde Park, N. Y. 


LINES Vol. 41, No.5 


(Continued from page 86) 


A water hammer arrestor pro- 
duced by the Wade Mfg. Co. of Elgin, 
Ill., is said to eliminate damage from 
this cause in any industrial or domestic 
application. The device, named Shok- 
Stop, consists of a permanently sealed 
air chamber protected against water 
logging by a metal bellows which al- 
lows free expansion and contraction of 
the sealed-in air, but prevents contact 
with the water. No servicing or main- 
tenance is required. A 12-page book- 
let, “The Cause and Cure of Water 
Hammer,” contains full details, and is 
available on request from the company. 


A multi-outlet strip for laboratory 
use is described and illustrated in a 
bulletin issued by Eberbach & Son Co.., 
Ann Arbor, Mich. Six standard elec- 
trical outlets 6 in. apart are provided 
on the strip. 


Written for the layman by C. M. 
McCord, director of the Memphis, 
Tenn., water division, and designed for 
distribution by water utilities to their 
customers, the booklet “Water Meter- 
ing and Water Estimating” is again 
back in print. The pocket-size, 12- 
page pamphlet was used as a_ public 
relations aid until wartime shortages 
curtailed its production. It is available 
in quantities at nominal prices from 
the Ambassador Co., Temple, Tex. 


A new line of a-c. arc welders, 
offering increased welding range, step- 


| less precision current control and 


built-in power factor correction, is 
described in publication GEA-5279 of 
General Electric Co., Schenectady 


5, 


Neutralization of industrial wastes 
is the theme of a 20-page illustrated 
bulletin—No. ND44-96-708— issued by 
Leeds & Northrop Co., 4934 Stenton 
Ave., Philadelphia 44. Two available 
pH control systems are described: 
Micromax Electric and Micromax 
Pneumatic Control. 
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7 @ If you have a color problem, why not 
investigate Ozone? Color can be removed 
simply and effectively without coagulation or 
filtration. Or, Ozone treatment can be 
combined with coagulation and filtration. 


THE 


Taste, odor and bacteria are readily 
removed, too. For your water treatment 
problems, call on the years of experience of 
The Welsbach Corporation, designers and 
builders of the world’s largest Ozone 
installation for the treatment of municipal 
water at the Philadelphia Belmont filtration 
plant . . . capable of treating up to 
70,000,000 gallons a day. For further 
information write today for the booklet, 
“Philadelphia Finds the Answer.” No 


obligation, of course. 


CORPORATION 


OZONE PROCESSES DIVISION 


1500 Walnut St. 


Philadelphia 2, Pa. 
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Index 


Acidizing of Water Wells: 
Dowell Incorporat 

Activated Carbon: 

Industrial Chemical Sales Div. 
Aerators (Air Diffusers): 
American Well Works 

Infilco, Inc. 

Liquid Conditioning Corp. 
Permutit Co. 

Walker Process Equipment, Inc. 
Air Compressors: 

DeLaval Steam Turbine Co. 
Worthington Pump & Mach. Corp. 
Air-Lift Pumping Systems: 
Worthington Pump & Mach. Corp. 


Alum (Sulfate of Alumina): 

American Cyanamid Co., Industrial 
Chemicals Div. 

General Chemical Div. 

Stuart Corp. 

Ammonia, Anhydrous: 

General Chemical Div. 

Mathieson Chemical Corp. 

Ammonia Receivers: 

Worthington Pump & Mach. 

Ammoniators: 

Everson Mfg. Corp. 

Proportioneers, Inc. 

Wallace & Tiernan Co., Inc. 

Brass Goods: 

American Brass Co. 

M. Greenberg’s Sons 

Hays Mfg. Co. 

James Jones Co. 

Mueller Co. 

A. P. Smith Mfg. Co. 

Smith-Blair, Inc. 

Calcium Hypochlorite: 

Mathieson Chemical Corp. 

Carbon Dioxide Generators: 

Infilco, Inc. 

Walker Process Equipment, Inc. 

Cathodic Protection: 

Dowell Incorporated (magnesium 
anodes) 

Electro Rust-Proofing Corp. 

Cement Mortar Lining: 

Centriline Corp. 

Tate Pipe Linings, Inc. 

Chemical Cleaning of Water 
Mains: 

Dowell Incorporated 

Chemical Feed Apparatus: 

Belco Industrial Equipment Div., 
Inc. 

Builders-Providence, Inc. 

Everson Mfg. Corp. 

Infilco, Inc. 

Liquid Conditioning Corp. 

Omega Machine Co. (Div., Build- 
ers Iron Fdry.) 

Permutit Co. 

Proportioneers, Inc. 

Ross Valve Mfg. Co. 

Simplex Valve & Meter Co. 

Syntron Co. 

Wallace & Tiernan Co., Inc. 

Chemical Scale Removal Serv- 
ices: 

Dowell Incorporated 

Chemists and Engineers: 

(See Prof. Services, pp. 24-27) 

Chlorination Equipment: 

Everson Mfg. Corp 

Proportioneers, Inc. 

Wallace & Tiernan Co, Inc. 

Chlorine Comparators: 

Everson Mfg. Corp. 

Hellige, Inc. 


of Aduertisers’ 


Klett Mfg. Co. 
LaMotte Chemical Products Co. 
Proportioneers, Inc. 
Wallace & Tiernan Co., Inc. 
Chlorine, Liquid: 
Jones Co. 

Mathieson Chemical Corp. 
Solvay Sales Div. 
Wallace & Tiernan Co., Inc. 
Clamps and Sleeves, Pipe: 
James B. Clow & Sons 
Dresser Mfg. Div. 
M. Greenberg’s Sons 
— Jones Co. 

ensselaer Valve Co. 
A. P. Smith Mfg. Co. 
Smith-Blair, Inc. 
Stauffer Mfg. Co. 
Warren Foundry & Pipe Corp. 
Clamps, Bell Joint: 
James B. Ciow & Sons 
Dresser Mfg. Div. 
Smith-Blair, Inc. 
Clamps, Pipe Repair: 
James B. Clow & Sons 
Dresser Mfg. Div. 
Smith-Blair, Inc. 
Stauffer Mfg. Co. 
Warren Foundry & Pipe Corp. 
Clarifiers: 
American Well Works 
Chain Belt Co, 
Dorr Co. 
Infilco, Inc. 
Liquid Conditioning Corp. 
Permutit Co 
Walker Process Equipment, Inc. 
Cleaning Water Mains: 
Flexible Underground Pipe Clean 


ing Co. 
National Water Main Cleaning Co. 
Cocks, Curb and Corporation: 
Hays Mfg. Co. 
James Jones Co. 
A. P. Smith Mfg. Co. 
Compressors, Portable: 
Worthington Pump & Mach. Corp. 
Condensers: 
United States Pipe & Foundry Co 
Contractors, Water Supply: 
Luyne & Bowler, Inc. 
Controllers, Liquid Level, 

Rate of Flow: 
Builders-Providence, Inc. 
Infilco, Inc. 
Simplex Valve & Meter Co. 
R. W. Sparling 
Copper Sheets: 
American Brass Co. 
Copper Sulfate: 
General Chemical Div. 
Tennessee Corp. 
Corrosion Control: 
Calgon, Inc. 
Dearborn Chemical Co. 
Couplings, Flexible: 
DeLaval Steam Turbine Co. 
Dresser Mfg. Div. 
Fairbanks, Morse & Co. 
Philadelphia Gear Works, Inc. 
Culture Media: 
Difco Laboratories, Inc. 
Dechlorinating Agent: 
Virginia Smelting Co. 
Diaphragms, Pump: 
Dorr Co. 
Proportioneers, Inc. 
Engines, Hydraulic: 
Ross Valve Mfg. Co. 
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Products 


Engineers and Chemists: 

(See Directory of Experts, pp. 24- 
27) 

Feed Water Treatment: 

Calgon, Inc. 

Dearborn Chemical Co. 

Infilco, Inc. 

Liquid Conditioning Corp. 

Ferric Sulfate: 

Tennessee Corp. 


Filter Materials: 
Anthracite Equipment Corp. 
Infilco, Inc. 

Northern Gravel Co. 


Filters, incl. Feed Water: 

Industrial Equipment Div., 
nc. 

Dorr Co. 

Everson Mfg. Corp. 

Infilco, Inc. 

Liquid Conditioning Corp. 

Permutit Co. 

Roberts Filter Mfg. Co. 

Ross Valve Mfg Co. 

Walker Process Equipment, Inc. 


Filtration Plant Equipment: 

Builders-Providence, Inc. 

Chain Belt Co. 

Difco Laboratories, Inc. 

Infilco, Inc. 

Liquid Conditioning Corp. 

Omega Machine Co. (Div., 
ers Iron Fdry.) 

Roberts Filter Mfg. Co. 

Stuart Corp. 

Walker Process Equipment, Inc. 

Welsbach Corp., Ozone Processes 
div. 


Build- 


Finders, Pipe: 
Jos. G. Pollard Co., Inc. 


Fish Screens: 

Electric Fish Screen Co. 
Fittings, Copper Pipe: 
Dresser Mfg. Div. 

M. Greenberg’s Sons 

Hays Mfg. Co. 

James Jones Co. 

Smith-Blair, Inc. 

Fittings, Tees, Ells, ete.: 
Cast Iron Pipe Research Assn. 
James B. Clow & Sons 
Dresser Mfg. Div. 

James Jones Co. 

Kennedy Valve Mfg. Co. 

M & H Valve & Fittings Co. 
Smith-Blair, Inc. 

United States Pipe & Foundry Co 
Warren Foundry & Pipe Corp. 
R. D. Wood Co. 
Floceculating Equipment: 
Chain Belt Co. 

Dorr Co. 

Infilco, Inc. 


Furnaces: 
Jos. G. Pollard Co., Inc. 
A. P. Smith Mfg. Co. 


Furnaces, Joint Compound: 
Northrop & Co., Inc. 


Gages, Liquid Level: 

Builders-Providence, Inc. 

Infilco, Inc. 

Simplex Valve & Meter Co. 

Gages, Loss of Head, Rate of 
Flow, Sand Expansion: 

Builders-Providence, Inc. 

Infilco, Inc. 

Northrop & Co., Inc. 

Simplex Valve & Meter Co. 

R. W. Sparling 
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Fire Hydrants, of the compression 
type featuring Protectop collision pro- 
tection, frost-proof tapered barrel, 
and positive action drain. 


Gate Valves, for low, medium or high 
pressure service. Manual, hydraulic making branch connections (sizes 2”’ 
cylinder, or motor operation thru 42”’) under pressure to cast iron, 

steel, asbestos-cement or reinforced 


concrete pipe of any size. 


Tapping Sleeves and Valves, for Inserting Valves, for ins‘allation un- 
der pressure’ in cast iron, steel or as- 


bestos-cement pipe. Sizes 4’’ thru 48’’. 


Water Service’ Brass Goods: cor- Corporation Tapping Machines. 
poration—curb cocks, couplings and With the SMITH Tapping Ma- 
other fittings for copper tube, lead chines corporation cocks can be in- 
and iron pipe services. stalled under pressure. The machine 
is compact and easy to operate. 


Pipe Cutting Machines. With the 
SMITH machine a true “lathe” cut 
can be made in cast iron, steel or as. 
bestos-cement pipe in aminimum time. 


* Water works material of proven quality 


: 
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TAPPING SLEEVES AND VALVES: PIPE CUTTING MACHINE 
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Gasholders: 

Chicago Bridge & Iron Co. 
Pittsburgh-Des Moines Steel Co. 
Gaskets, Rubber Packing: 
Northrop & Co., Inc. 

Gates, Shear and Sluice: 
Armco Drainage & Metal Products, 


Inc. 
R. D. Wood Co. 
Gears, Speed Reducing: 
DeLaval Steam Turbine Co. 
Philadelphia Gear Works, Inc. 
Glass Standards—Colorimetric 
Analysis Equipment: 
Hellige, Inc. 
Klett Mfg. Co. 
LaMotte Chemical Products Co. 
Wallace & Tiernan Co., Inc. 
Goosenecks (with or without 
Corporation Stops): 
Hays Mfg. Co. 
James Jones Co. 
A. P. Smith Mfg. Co. 
Greensand (Zeolite): 
(See Zeolite) 
Hydrants: 
James B. Clow & Sons 
M. Greenberg’s Sons 
James Jones Co. 
Kennedy Valve Mfg. Co. 
John C. Kupferle Foundry Co. 
Mueller Co. 
A. P. Smith Mfg. Co. 
Rensselaer Valve Co. 
Ross Valve Mfg. Co. 
R. D. Wood Co. 
Hydrogen Ion Equipment: 
Hellige, Inc. 
LaMotte Chemical Products Co. 
Wallace & Tiernan Co., Inc. 
Iron Removal Plants: 
American Well Works 
Belco Industrial Equipment Div., 


Inc. 

Chain Belt Co. 

Infilco, Inc. 

Liquid Conditioning Corp. 

Permutit Co. 

Roberts Filter Mfg. Co. 

Walker Process Equipment, Inc. 

Welsbach Corp., Ozone Processes 
Div. 

Jointing Materials: 

Atlas Mineral Products Co. 

Michael Hayman & Co., Inc. 

Hydraulic Development Corp. 

Leadite Co., Inc. 

Northrop & Co., Inc. 

Joints, Mechanical, Pipe: 

Cast Iron Pipe Research Assn. 

Central Foundry Co. 

James B. Clow & Sons 

Dresser Mfg. Div. 

Smith-Blair, Inc. 

United States Pipe & Foundry Co. 

Warren Foundry & Pipe Corp. 

R. D. Wood Co. 

Lime Slakers and Feeders: 

Dorr Co 

Infilco, Inc. 

Omega Machine Co. (Div., 
ers Iron Fdry.) 

Magnesium Anodes (Corrosion 
Control): 

Dowell Incorporated 

Manometers, Rate of Flow: 

Builders-Providence, Inc. 

Meter Boxes: 

Art Concrete Works 

Ford Meter Box Co. 

Pittsburgh Equitable Meter Div. 

Meter Couplings and Yokes: 

Badger Meter Mig. Co. 

Dresser Mfg. Div. 


Build- 
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Ford Meter Box Co. 

Hays Mfg. Co. 

Hersey Mfg. Co. 

James Jones Co, 

Mueller Co. 

Neptune Meter Co. 

Pittsburgh Equitable Meter Div. 

A. P. Smith Mfg. Co. 

Smith-Blair, Inc. 

Worthington-Gamon Meter Co. 

Meter Reading and Record 
Books: 

Badger Meter Mfg. Co. 

Buffalo Meter Co. 

Meter Testers: 

Badger Meter Mig. Co. 

Ford Meter Box Co. 

Hersey Mfg. Co. 

Neptune Meter Co. 

Pittsburgh Equitable Meter Div. 

Meter Washers: 

Mabbs Hydraulic Packing Co. 

Meters, Domestic: 

Badger Meter Mig. Co. 

Buffalo Meter Co. 

Hersey Mfg. Co. 

Neptune Meter Co. 

Pittsburgh Equitable Meter Div. 

A. P. Smith Mfg. Co. 

Well Machinery & Supply Co. 

Worthington-Gamon Meter Co. 

Meters, Filtration Plant, 
Pumping Station, 
Transmission Line: 

Builders-Providence, Inc. 

Infilco, Inc. 

Simplex Valve & Meter Co. 


R. W. Sparling 
Meters, Industrial, Commer- 
cial: 


Badger Meter Mfg. Co. 
Buffalo Meter Co. 
Builders-Providence, Inc. 
Hersey Mfg. Co. 
Neptune Meter Co. 
Pittsburgh Equitable Meter Div. 
Simplex Valve & Meter Co. 

A. P. Smith Mfg. Co. 

R. W. Sparling 

Well Machinery & Supply Co. 
Worthington-Gamon Meter Co 
Mixing Equipment: 
Belco Industrial Equipment 


Inc. 
Chain Belt Co. 
Infilco, Inc. 
Ozonation Equipment: 
Welsbach Corp., Ozone Processes 
Div. 
Packing, Rawhide: 
Mabbs Hydraulic Packing Co. 
Pipe, Asbestos-Cement: 
Johns-Manville Corp. 
Keasbey & Mattison Co. 


Div., 


.Pipe, Brass: 


American Brass Co. 
Pipe, Cast Iron (and Fittings) : 
American Cast Iron Pipe Co. 
Cast Iron Pipe Research Assn. 
Central Foundry Co. 
— B. Clow & Sons 

United States Pipe & Foundry Co. 
Warren Foundry & Pipe Corp. 
R. D. Wood Co. 
Pipe, Cement Lined: 
Cast Iron Pipe Research Assn. 
Central Foundry Co. 
James B. Clow & Sons 
Preload Companies, The 
United States Pipe & Foundry Co. 
Warren Foundry & Pipe Corp. 
R. D. Wood Co. 
Pipe Coatings and Linings: 
The Barrett Div. 
Cast Iron Pipe Research Assn. 
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Centriline Corp. 

Dearborn Chemical Co, 
Koppers Co., Inc. 

Preload Companies, The 
Reilly Tar & Chemical Co 
Standard Pipeprotection, Inc. 
Warren Foundry & Pipe Corp. 
Pipe, Concrete: 

American Pipe & Construction Co. 
Lock Joint Pipe Co. 

Pipe, Copper: 

American Brass Co. 

Pipe Cutting Machines: 
Ellis & Ford Mfg. Co 

Jos. G. Pollard Co., Inc. 

A. P. Smith Mfg. Co. 


Pipe Jointing Materials: 

(See Jointing Materials) 

Pipe, Steel: 

Armco Drainage & Metal Products, 


Inc. 

Bethlehem Steel Co. 

Plugs, Removable: 

James B. Clow & Sons 

Jos. G. Pollard Co., Inc. 

A. P. Smith Mfg. Co 

Smith-Blair, Inc. 

Warren Foundry & Pipe Corp. 

Potentiometers: 

Hellige, Inc. 

Pressure Regulators: 

Ross Valve Mfg. Co. 

Pumps, Boiler Feed: 

DeLaval Steam Turbine Co. 

Fairbanks, Morse & Co 

Peerless Pump Div., Food 
Machinery Corp. 

Pumps, Centrifugal: 

American Well Works 

DeLaval Steam Turbine Co. 

Economy Pumps, Inc. 

Fairbanks, Morse & Co 

Peerless Pump Div., Food 
Machinery Corp. 

Pumps, Chemical Feed: 

Everson Mfg. Corp. 

Infilco, Inc. 

Proportioneers, Inc. 

Wallace & Tiernan Co., Inc 

Pumps, Deep Well: 

American Well Works 

Fairbanks, Morse & Co 

Layne & Bowler, Inc 

Peerless Pump Div., Food 
Machinery Corp. 

Worthington Pump & Mach. Corp. 

Pumps, Diaphragm: 

Dorr Co. 

Proportioneers, Inc. 

Pumps, Hydrant: 

Jos. G. Pollard Co., Inc. 

Pumps, Hydraulic Booster: 

Fairbanks, Morse & Co. 

Ross Valve Mfg. Co. 

Pumps, Sewage: 

DeLaval Steam Turbine Co. 

Economy Pumps, Inc. 

Fairbanks, Morse & Co 

Peerless Pump Div., Food 
Machinery Corp. 

Pumps, Sump: 

DeLaval Steam Turbine Co 

Economy Pumps, Inc. 

Fairbanks, Morse & Co 

Peerless Pump Div., Food 
Machinery Corp. 

Pumps, Turbine: 

DeLaval Steam Turbine Co. 

Fairbanks, Morse & Co. 

Layne & Bowler, Inc. 

Peerless Pump Div., Food 
Machinery Corp. 

Worthington Pump & Mach. Corp. 
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Cleoning controlied by 2 woy 


NATIONAL CLE 


FOR WASHINGTON. C 


Way back in 1907 and again in 1926 National successfully cleaned the 
water mains of Washington, D. C. 

In 1945 a five year program to clean and recondition the entire water 
main system of Washington was begun and National in conjunction with 
the Centriline Corporation was again awarded the cleaning contract for 
1945, 1946, 1947, 1948 and 1949 — in short, the entire cleaning job! 

Tests made on those lines already cleaned and centrilined indicate a 
co-efficient of over 130 as against less than 90 before cleaning, resulting 
in lower pumping costs, increased volume and higher pressure. 

Let us estimate the cost of restoring your lines to at least 95% of their 
original carrying capacity. Write today. 


NATIONAL WATER MAIN CLEANING COMPANY > 
50 Church Street, New York 7, N.Y. 


ATLANTA, GA., 333 Candler Building * ATLANTA, GA., 1221 Mortgage Guarantee Bldg. 
BOSTON, MASS., 115 Peterboro St. « CHICAGO, ILL., Room 1336, 122 So. Michigan 
Avenue « FLANDREALI, S. D., 315 No. Crescent Street * KANSAS CITY, MO., 422 B. 
M. A. Bldg. «© LITTLE FALLS, N. J., Box 91 * LOS ANGELES, CALIF., 448 So. Hill 
Street © OMAHA 5, NEBR., 3812 Castellar Street © RICHMOND 19, VA., 210 East Frank- 
lin Street © SALT LAKE CITY, UTAH, 149-151 W. Second South St. © SAN FRANCISCO, 
CALIF., 681 Market St. * SIGNAL MOUNTAIN, TENN., 204 Slayton Street * WACO, 
TEXAS, P. O. Box 887 * MONTREAL, 2028 Union Avenue * WINNIPEG, 576 Wall St. 
HAVANA ¢ MAYAGUEZ, PUERTO RICO * BOGOTA * CARACAS « MEXICO CITY. 
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Recorders, Gas Density CO:, 
NH3, SO:, etc.: 

Permutit Co. 

Wallace & Tiernan Co., Inc. 


Recording Instruments: 
Builders-Providence, Inc. 
Infilco, Inc. 

R. W. Sparling 

Wallace & Tiernan Co., Inc. 
Reservoirs, Steel: 
Chicago Bridge & Iron Co 
Pittsburgh-Des Moines Stee! Co. 
Sand Expansion Gages: 
(See Gages) 

Sand, Filtration: 

(See Filtration Sand) 


Sleeves: 
(See Clamps) 


Sleeves and Valves, Tapping: 
James B. Clow & Sons 

Mueller Co. 

Rensselaer Valve Co. 

A. P. Smith Mfg. Co. 

Sludge Blanket Equipment: 
Liquid Conditioning Corp. 
Permutit Co. 

Soda Ash: 

Mathieson Chemical Corp. 

Solvay Sales Div. 

Sodium Hexametaphosphate: 
Calgon, Inc. 

Softeners: 

Belco Industrial Equipment Div., 


Inc. 
Dearborn Chemical Co. 
Dorr Co. 
Infilco, Inc. 
Liquid Conditioning Corp. 
Permutit Co. 
Roberts Filter Mfg. Co. 
Walker Process Equipment, Inc. 


Softening Chemicals and Cem- 
pounds: 

Calgon, Inc. 

Infilco, Inc. 

Liquid Conditioning Corp. 

Permutit Co. 

Tennessee Corp. 

Zeolite Chemical Co. 

Standpipes, Steel: 

Chicago Bridge & Iron Co. 

Pittsburgh-Des Moines Steel Co. 

Steel Plate Construction: 

Bethlehem Steel Co. 

Chicago Bridge & Iron Co. 

Pittsburgh-Des Moines Steel Co. 


Storage Tanks: 

Bethlehem Steel Co. 

Chicago Bridge & Iron Co. 
Pittsburgh-Des Moines Steel Co. 
Strainers, Suction: 

M. Greenberg’s Sons 

R. D. Wood Co. 

Sulfur Dioxide, Liquid: 
Virginia Smelting Co. 

Surface Wash Equipment: 
Liquid Conditioning Corp. 
Permutit Co. 

Stuart Corp. 
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Swimming Pool Sterilization: 
Belco Industrial Equipment Div., 


ne. 

Everson Mfg. Corp. 

Omega Machine Co. (Div., Build- 
ers Iron Fdry.) 

Proportioneers, Inc. 

Wallace & Tiernan Co., Inc. 

Welsbach Corp., Ozone Processes 
Div. 

Tanks, Steel: 

Bethlehem Steel Co. 

Chicago Bridge & Iron Co 

Pittsburgh-Des Moines Steel Co 


Tapping Machines: 
Hays Mig. Co. 
Mueller Co. 

A. P. Smith Mfg. Co. 


Taste and Odor Removal: 

Industriai Chemical Sales Div. 

Infilco, Inc. 

Liquid Conditioning Corp. 

Proportioneers, Inc. 

Walker Process Equipment, Inc. 

Wallace & Tiernan Co., Inc. 

Corp., Ozone Processes 
div 


Telemeters, Level, Pump Con- 
trol, Rate of Flow, Gate 
Position, etce.: 

Builders-Providence, Inc. 


Turbidimetric Apparatus (For 
Turbidity and Sulfate De- 
terminations): 

Hellige, Inc. 

Wallace & Tiernan Co., Inc 


Turbines, Steam: 
DeLaval Steam Turbine Co 


Turbines, Water: 
DeLaval Steam Turbine Co. 


Valve Boxes: 
Central Foundry Co. 
James B. Clow & Sons 
Ford Meter Box Co. 
Rensselaer Valve Co. 
A. P. Smith Mfg. Co. 
R. D. Wood Co. 


Valve Inserting Machines: 
A. P. Smith Mfg. Co. 


Valves, Altitude: 
Ross Valve Mfg. Co., Inc 


Valves, Butterfly, Check, Flap, 
Foot, Hose, Mud and Plug: 

James B. Clow & Sons 

M. Greenberg’s Sons 

Rensselaer Valve Co. 

R. D. Wood Co. 


Valves, Detector Check: 
Hersey Mfg. Co. 


Valves, Electrically Operated: 
James B. Clow & Sons 

Kennedy Valve Mfg. Co. 
Philadelphia Gear Works, Inc. 
Rensselaer Valve Co. 


A. P. Smith Mfg. Co. 


Valves, Float: 
Ross Valve Mfg. Co., Inc. 


Valves, Gate: 
Dresser Mfg. Div. 
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James Jones Co. 

Kennedy Valve Mfg. Co 

M & H Valve & Fittings Co. 
Mueller Co. 

Rensselaer Valve Co. 

A. P. Smith Mfg. Co. 

R. D. Wood Co. 


Valves, Hydraulically Oper- 


ated: 
James B. Clow & Sons 
Kennedy Valve Mig. Co. 
Philadelphia Gear Works, Inc. 
Rensselaer Valve Co. 
A. P. Smith Mfg. Co. 
R. D. Wood Co 


Valves, Large Diameter: 
James B. Clow & Sons 
Kennedy Valve Mfg. Co. 
Rensselaer Valve Co. 

A. P. Smith Mfg. Co. 

R. D. Wood Co. 


Valves, Regulating: 
Ross Valve Mig. Co. 
Valves, Swing Check: 
James B. Clow & Sons 
M. Greenberg’s Sons 
Rensselacr Valve Co. 

A. P. Smith Mfg. Co. 
R. D. Wood Co. 


Vibrators (Chemical Feeding) : 
Syntron Co. 

Waterproofing 

Dearborn Chemical Co. 

Inertol Co., Inc. 


Water Softening Plants: 
(See Softeners) 


Water Sapply Contractors: 

Layne & Bowler, Inc. 

Water Testing Apparatus: 

Hellige, Inc. 

LaMotte Chemical Products Co. 

Wallace & Tiernan Co., Inc. 

Water Treatment Plants: 

American Well Works 

Chain Belt Co. 

Chicago Bridge & Iron Co. 

Dearborn Chemical Co. 

Dorr Co. 

Everson Mfg. Corp. 

Infilce, Inc. 

Liquid Conditioning Corp. 

Pittsburgh-Des Moines Steel Co. 

Roberts Filter Mfg. Co. 

Stuart Corp. 

Walker Process Equipment, Inc. 

Wallace & Tiernan Co., Inc. 

Welsbach Corp., Ozone Processes 
Div. 

Well Acidizing: 

Dowell Incorporated 

Well Drilling Contractors: 

Layne & Bowler, Inc. 

Wrenches, Ratchet: 

Dresser Mig. Div. 

Zeolite: 

Infilco, Inc. 

Liquid Conditioning Corp. 

Permutit Co. 

Roberts Filter Mfg. Co. 

Zeolite Chemical Co. 


A complete Buyers’ Guide to all water works products and 
services offered by A.W.W.A. Associate Members appears in 
the 1948 Membership Directory. 
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1879—ROSS-1879 
Automatic Values 


Controls 
elevation of 
water 


ALTITUDE VALVE reservoirs 


1. Single Acting 
2. Double Acting 


Maintains 
safe operating 
pressures 
for 
conduits, 
distribution 
and pump 


discharge 


SURGE-RELIEF VALVE 


Maintains 
desired 
discharge 
pressure 
regardless 
of change 
in 
rate of flow 


REDUCING VALVE 


Regulates pressure in gravity 
and pump systems; between reser- 
voirs and zones of different pres- 
sures, etc. 


A self contained 
unit with 
three or more 
automatic 
controls 


COMBINATION VALVE 


Combination automatic control 
both directions through the valve. 


Maintains 
levels in tank, 
reservoir 
or basin 

1. As direct 

acting 

2. Pilot oper- 
ated and with 
ma float traveling 
between two 
stops, for upper 
and lower limit 
of water eleva- 
tion. 


FLOAT VALVE 


Electric remote 
control— 
solenoid or 
motor 
can be 
furnished 


REMOTE CONTROL VALVE 


Adapted for use as primary or 
secondary control on any of the 
hydraulically controlled or operated 
valves. 


Packing Replacements for all Ross Valves Through Top of Valve 


ROSS VALVE MFG. CO., INC., P. 0. BOX 593, TROY, N. Y. 
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Pittsburgh Arctic 


Empire Oscillating 


Piston Meter 
Type 14 


Empire Oscillating 
Piston Meter 
Type 12 


Pittsburgh Trop 
Dise Meter 


Pittsburgh Disc Meter 
lLerge Copacity Type 


Empire Oscillating 
Piston Meter 
Type 16 


Arctic-Tropic Compound Meter 
Two Register Type 


Pittsburgh-Empire Compound 
Meter Single Register Type 


Pittsburgh Eureka Meter 
Current Type 
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Wade te 
DRIP or DELUGE! 


Your Unrestricted 
Choice of Size and Type 


No matter what your metering 
requirements there’s a Pitts- 
burgh-Empire meter that will 
do the job—better and at lower 
overall measurement cost. 
That’s because we make all 
commercial types of water 
meters. Among them is the type 
and size best suited to your in- 
dividual requirements or pref- 
erence. Our experienced sales 
engineers will gladly analyze 
the metering needs for any water 
system. Their recommendations 
can be made without bias and 
in the best interests of the com- 
munity concerned. 


PITTTBURGH EQUITABLE METER DIVISION 


Rockwell Manufacturing Company ° Pittsburgh 8, Pa. 
Atlanta Boston Chicago Houston Kansas City Los Angeles 
New York Pittsburgh San Francisco Seattle Tulsa 
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This booklet, describ- 
ing Reilly Coatings 
for all types of sur- 
faces, will be sent on 
request. 


Conduit coated and lined with Reilly Enamel is de- 
pendably protected and insured against corrosion 
from all causes. The tough, durable Reilly coating 
completely seals and insulates the outer surface 
against its environment, preventing corrosive agen- 
cies from coming in contact with the metal. As an 
inner lining, Reilly Enamel not only affords protec- 
tion against corrosion, but also prevents tubercula- 


tion and incrustation, thus insuring full capacity 
flow for the life of the pipe. 


REILLY TAR & CHEMICAL CORPORATION 
Merchants Bank Bldg., Indianapolis 4, Ind. 
500 Fifth Ave., New York 18-2513 S. Damen Ave., Chicago 8 


Protective Coatings 
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Jointed for .. . 
Permanence 


with LEADITE 


Generally speaking, most Water Mains are buried beneath 
the Earth’s surface, to be forgotten,—they are to a large 
extent, laid for permanency. Not only must the pipe itself 
be dependable and long lived,—but the joints also must be 
tight, flexible, and long lived,—-else leaky joints are apt to 
cause the great expense of digging up well-paved streets, 
beautiful parks and estates, etc. 


Thus the “‘jointing material” used for bell and spigot Water 


Mains MUST BE GOOD,—MUST BE DEPENDABLE,— 
and that is just why so many Engineers, Water Works Men 
and Contractors aim to PLAY ABSOLUTELY SAFE, by 
specifying and using LEADITE. 


Time has proven that LEADITE not only makes a tight 
durable joint,—but that it improves with age. 


The pi r self. lhing material fer c. i. pipe. 
Tested and used for over 40 years. 
Saves at least 75°. 


THE LEADITE COMPANY 
Girard Trust Co. Bldg. Philadelphia, Pa. 


100 LBS. 


VLEADITE- 
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